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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country’s glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy’s heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on gur 
heritage from the past. 


Never have our opportunities and our responsibilities been greater. 
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PREFACE 


This Navy TRaIninGc Course is one of a series written 
especially for the Photographer’s Mate rating. Its contents 
are based on the qualifications for advancement in the 
general service (PH) and the emergency service (PHG, PHR, 
PHL, PHM, PHA) ratings. It is to be used as a source of 
information by the Regular Navy striker (PHGAN/AA, 
PHAAN/AA) and the Navy Reserve personnel in the emer- 
gency ratings (PHRAN/AA, PHMAN/AA, PHLAN/AA) 
in qualifying for advancement to petty officer, third class. 

The photography qualifications used as minimum require- 
ment guide lines for the preparation of this course may be 
found in the Manual of Qualifications for Advancement in 
Rating, NavPers 18068 (Revised). These same qualifica- 
tions are also reprinted in appendix II of this course for the 
convenience of the trainee. THESE QUALIFICATIONS ARE 
CURRENT THROUGH CHANGE 10 To THE MANUAL. 

Beginning with a chapter on introduction to naval photog- 
raphy, the course continues with others concerning the theory 
and uses of lenses, negative materials, processing, chemical 
mixing, positive materials, and printing. Chapters that 
follow deal with photographic equipment, such as exposure 
meters, the press camera, the view camera, and filters. 
Photographic techniques and the equipment used are detailed 
in chapters dealing with illustrative photography, copying, 
personnel photography, motion picture orientation, and an 
introduction to aerial photography. The final chapter of 
this course is concerned with photographic administration. 

Photographer’s Mate 3, NavPers 10373, has been prepared 
by the U. S. Navy Training Publication Center, Memphis, 
Tennessee, and the Training Division of the Bureau of Naval 
Personnel. 

Credits are extended to the Naval School of Photography, 
Pensacola, Florida, for its preparation of parts of this course 
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and for the end-of-chapter questions which constitute a 
review of the contents of each chapter of the course. Credit 
is also given to the Eastman Kodak Company, Rochester, 
New York, for technical information supplied and for per- 
mission to use its chemical formulas. Appreciation is hereby 
extended to all other manufacturers of photographic mate- 
rials who aided in the preparation of this course. 

Certain subject matter or material contributed to this 
course is protected by existing copyrights which, according 
to the Copyright Law, Section 7, are not abridged or annulled 
by this publication of the Government. 


CONTENTS 


Chapter Page 
1. Introduction to naval photography-_-__-__----_-- 1 
;, 2. Introduction to light__-._.-.------------------ 32 
td. Uheory Of lenses j2u2 suse eeseeeoe Linea eee 64 
4. Use and care of lenses______.___-.------------ 129 
5. Negative materials____________--_-_-___------ 176 
6. Chemical mixing____________.---------------- 214 
7. Processing negatives___________--------------- 248 
8. Positive materials__.______._____------------- 309 
ee 9. Contact and projection printing. ____-_____--_- 337 
310. Exposure control and exposure meters- --- - -- --- 394 
4]1. The press camera.....-.-.=-22+---+<22----44+ 465 
7D WON S sees slays el ne cha lates rei esis ee 547 
(13. He VIEW CAMELS <..02c2-u2ceceeeseoessee secs 591 
14. Illustrative photography___..._.-------------- 612 
UND SOONG ta a ees i tS al ee etl 632 
16. Personnel photography _--_-_------------------- 677 
‘17. Motion picture orientation........._._--_----- 704 
18. Introduction to aerial photography_-__.-.-------- 764 
19. Administration. ___._._-_.___---------.------ 803 
Appendix 
I Answers to quizzes___________.__-_------------ 827 
IIT Qualifications for advancement in rating_------- 833 
dex eee ye BUS eae CS ate aren ee eh Soe 847 


READING LIST 


Manual of Naval Photography, OpNavInst 3150.6A 


USAFI TEXTS 


The United States Armed Forces Institute (USAFI) 
courses for additional reading and study are available through 
your Information and Education Officer.* A partial listing 
of those courses applicable to your rate follows: 


Number Title 
Self-Teaching 
MC 87483 Sat Soe toe Bw Elementary Photography 
Correspondence 
COV S042 eto ace pase Elementary Photography 


*‘“Members of the United States Armed Forces Reserve 
components, when on active duty, are eligible to enroll for 
USAFI courses, services, and materials if the orders calling 
them to active duty specify a period of 120 days or more or if 
they have been on active duty for a period of 120 days or more, 
regardless of the time specified in the active duty orders.’’ 


vi 


STUDY GUIDE 


This study guide lists the various chapters of the course 
for which the individual photography ratings are responsible. 


CHAPTER PH PHG PHR PHL PHM PHA 
1 1 1 1 1 1 1 
2 2 a eee | eee EC 2 2 
3 3 3 ial eee ere 3 3 
4 4 4 i eee meres 4 4 
5) 5 5 i (aoe eee 5 5 5 
6 Og here a ery Lan 6 6 6 
7 (Al Cader ees aerate ee 7 MeN ecee hes 
8 oil PORE SPR (ROE OTC 8 8 8 
9 LD ee eae el (eae mettre ere 9 9 9 
10 10 EQ Werte eet we oe 10 10 
11 11 11 DD, Wie ee ets tase ae ee Se 
12 12 La (eee stores ee ra hes 12 12 
13 13 13 1D, Witenes 
14 14 Ms cpa a nee Neg i 
15 15 LOS |e ssee setae See EO deen eed 
16 16 DOT oe Nee ene Ee oe ce aI es 
17 17 A oe eo I ie PSE sor svete eaninees eee 
18 1. Sl ECE, eSNG APR CUOMO er ae (9 Ween ea 18 
19 19 19 19° 19 19 19 


vii 


ACTIVE DUTY ADVANCEMENT REQUIREMENTS 


36 mos. as 
service at 
least 36 E-6. 


Class B for 


ENLISTED As used by CO Counts toward performance factor 
PERFORMANCE when approving dit in ad 
EVALUATION sir pees credit in advancement multiple. 


PRACTICAL Locally Records of Practical Factors, NavPers 760, 
prepared must be completed for E-3 and all PO 
check-offs. advancements. 


Specified ratings must complete 
applicable performance tests be- 
fore taking examinations. 


Locally prepared Service-wide examinations required 
tests. for all PO advancements. 


NAVY TRAINING| Required for E-3 and ail PO advancements 
COURSE (INCLUD-| { unless waived because of school completion, 
ING MILITARY f | but need not be repeated if identical course 
REQUIREMENTS) | | has already been completed. 


Commeanding Officer | U. S. Naval Examining Center 


TARS are advanced to fill vacancies and must be approved 
by district commandants or CNARESTRA. 


AUTHORIZATION 





“Recommendation of petty officers, officers and approval by commanding 


officer required for all advancements. 


Vili 





ee 


INACTIVE DUTY ADVANCEMENT REQUIREMENTS 


FOR THESE 
DRILLS PER 


14 days 14 doys 28 days 
14 days 14 days 42 days 
14 days 28 days 


PERFORMANCE x 8 Specific ratings must complete 


applicable performance tests be- 
fore taking examination. 


TESTS 


PRACTICAL FACTORS Record of Practical Factors, NavPers 1316, must be 
(INCLUDING MILITARY completed fer all advancements. 


REQUIREMENTS) 


NAVY TRAINING 

COURSE (INCLUDING Completion ef applicable course of courses must 
MILITARY REQUIRE— be entered in service record. 

MENTS) 


Standard exams are used where available, 
EXAMINATION otherwise locally prepared exams are used. 


AUTHORIZATION District commandant or CNARESTRA 





*Recommendation of Petty officers, officers and approval by commanding 
officer required for all advancements. 
# Active duty periods may be substituted for drills and training duty. 


Digitized by Google 


PHOTOGRAPHER'S MATE 3 


Digitized by Google 


CHAPTER 





INTRODUCTION TO NAVAL PHOTOGRAPHY 
PHOTOGRAPHY DEFINED AND DISCUSSED 


Photography has been defined in various ways. It is both 
an art and a science. It permits very great generalizations 
to be applied to many of its phases or divisions, and exacts 
the most careful attention to details in others. It is either 
a fascinating hobby or a punishing chore, depending upon the 
schedule to be carried out and the circumstances under which 
the photographs are to be produced. 

Photography as an art is one in which LIGHT is the principal 
medium employed. The pictures are drawn or painted with 
light in much the same manner that artists reproduce their 
subjects with charcoal and pigments. 

Photography as a science is one in which useful—or 
beautiful—pictures painted with light are transmuted into 
a permanent form. The laws of chemistry and physics are 
emploved to accomplish this result. Through one process or 
another, the pictures drawn with light can be made into per- 
manent form, either as a monochrome (a picture in a single 
hue) or as a picture in all the colors of the original subject. 

These pictures can be immobilized and fixed, as are the 
works of the surpassing masters which ultimately find their 
way to the great public galleries of the world; or they can 
be made to reproduce the swiftest action and serve to enter- 
tain millions, as television or motion picture productions. 

The basic principle of photography is the effect which light 
exerts upon certain substances occurring in nature. This 
effect of light is quite varied, but certain and well known. 
The normal nature of these substances is changed so that 
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they take on new properties and qualities. Light shining 
upon some substances causes their colors to fade and become 
less vivid. Other substances darken under the same light. 
Some substances which normally will dissolve readily in 
water become insoluble when light is permitted to shine on 
them. In some substances the action of light causes them to 
respond to chemical action applied at a later time. 

A superficial knowledge of photography can be obtained 
in a few hours of study. The basic laws are comparatively 
few and easily understood. They have not changed since 
their discovery in the early 1800’s. The application of those 
laws, and a complete understanding of them, will require 
constant attention and study for an extended period of time. 
So many different applications of these laws have been made, 
and so many fields of human activities have been coupled 
with photography, that a lifetime is not enough to understand 
them all. Well-educated and brilliant men have devoted 
their entire lives to becoming proficient in only one or two 
types of photographic activity. 


Purpose of This Course 


The purpose of this book is to start you, the beginner, on 
your way with the basic outline of the photographic processes 
clearly understood. The information presented here has 
stood the test of usage, and in most categories, the test of 
time. By following these instructions, you will become 
capable of producing good photographs under many different 
working conditions. Your future study and performance 
will be a great deal easier because the foundation will have 
been laid correctly. You will also help qualify yourself to 
earn the designation of Photographer’s Mate, Third Class. 

There is no way to become proficient without actually 
doing the work which is detailed in these pages. For some 
purposes, perhaps, written knowledge is enough. Here, 
there is so much to be gained from doing the work as a 
parallel program to the study of the written text that any 
other method seems woefully lacking. 

Who can say what a picture should look like at any stage 
of its production, unless he has carried the program through 
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to completion many times? How vague and confusing the 
words: “Stop down the lens until the desired depth of field is 
obtained!’ And how clearly the meaning shines out after 
you have watched the image on the focusing screen, as it 
becomes clearer and sharper while the diaphragm is closed 
progressively to smaller openings. Without practical experi- 
ence to go along with the written words, the meat of the 
matter is lost, and bare and unattractive skeleton framework 
is all that is visible, and the beautiful full-bodied figure is 
never discovered. 


THE NAVY PHOTOGRAPHER 


The first question anyone asks—or should ask—on 
approaching a new study is: ‘‘What will I be expected to do?” 
As an apprentice to a fascinating occupation, the field in 
which photographers operate, you will be engaged in making 
pictures. If this sounds like an easily accomplished under- 
taking, don’t be fooled. As has been emphasized, a super- 
ficial knowledge can be acquired in a short time, but the 
refinements are more complicated. Remember that such 
fields as radar and television could not function without the 
application of photographic principles. 

The constantly expanding realm of photography requires 
the mastery of several highly technical and, to the beginner 
at least, complicated skills and processes. Yet anyone who 
seriously applies himself, and is willing to place his faith in 
the great mass of demonstrated and accepted data that 
trial-and-error methods over the: years have produced, can 
become a good photographer. ‘This in no sense eliminates or 
restricts the experimentalist and the pioneer, since the field of 
photography has hardly scratched the surface of its potential. 
It does mean that before you begin to explore new ground, 
you have a great deal to learn that is factual and sometimes 
mechanical. Once this is mastered you will be adequately 
prepared to explore new pathways of experiment on your own. 

To produce good photographs the photographer must 
learn many things: how to cope with different types of 
subjects, how to use all the various lighting conditions, how 
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-to operate numerous types of cameras and laboratory equip- 
ment, how to use many types of films, lenses, filters, and 
chemical solutions. The Navy photographer sees no black 
magic in the photograph. Instead, he knows that a logical 
application of theory, technical skill, and art is used in each 
step of producing a picture. 

The Navy photographer’s camera is a weapon just as a 
ship, an aircraft, or the H-bomb. From Pearl Harbor to 
Korea they told more vividly than words the story of action. 
Their photographs paved the way for invasions, covered the 
action, and recorded history as it was made. 

Photography in the Navy is as versatile as the men who 
man the cameras. Sailor-photographers armed with cameras 
of various types, sizes, and shapes, fly in aircraft on recon- 
naissance missions, serve aboard most all types of surface 
ships, and even send their cameras below the surface to 
“shoot”? through a submarine’s periscope. The famed 
‘‘Navy Frogmen” are taught how to use the underwater 
camera. 

Navy photographers, besides knowing the theory and 
techniques of laboratory and darkroom processing, must 
know how to operate and maintain every type of Navy 
camera. Navy cameras include the simple still cameras, 
expensive motion picture cameras, and all types of aerial 
cameras. 

The job of the Navy photographer requires combining the 
knowledge and skill of a technician with the talents of an 
artist. He has one of the most varied billets in the military 
services. The PH may be a member of a Combat Camera 
Group in the thick of battlefield action or amphibious assault ; 
or a member of a motion picture production crew; or assigned 
to a photo-squadron specializing in aerial reconnaissance and 
hydrographic mapping; or as a public information photog- 
rapher making still pictures for his hometown newspapers 
and filming canned television shows. 

The growing science of photography keeps the PH con- 
stantly on the move, since he must improve his knowledge 
and develop new techniques and technical skills for each 
new method of making pictures. 
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Navy training films play a large role in training and 
instructing naval personnel. Short of actual experience, 
motion pictures have proven to be one of the most effective 
methods of instruction. Many motion pictures for training 
purposes are made by the Navy ‘“‘shutter-bugs.”’ 

In both scientific research and medicine, photographs are 
instrumental in instruction, development of new equipment, 
and better techniques. 

Photography has been used by doctors as an aid in diag- 
nosing some diseases. All operations in plastic surgery and 
bone and skin grafting are photographed so the doctors will 
have a pictorial record of the patient before and after the 
operation. 

Cameras are attached to microscopes to photograph slides. 
Slide photographs allow doctors to study samples more 
closely and at their convenience. ; 

Motion pictures have an important function in scientific 
research and development. For example, movies of a 
speeding rocket or an exploding bomb can be projected in 
slow motion which makes possible a study of the action in 
detail. Film of simulated underwater explosions reveals the 
effect of concussion on the hull of a ship. 

The Navy uses remote-controlled television cameras to 
explore underwater areas, inspect harbors and channels, and 
to examine sunken hulls. An underwater television camera 
projects a picture of a sunken ship on a screen topside. The 
underwater television camera gives salvage experts a study 
of a sunken hull which saves the time consuming preliminary 
diving previously necessary to determine the location and 
position of sunken vessels. 

The Navy is adapting in many ways the ordinary camera 
to the needs of tomorrow. Photographic equipment and 
techniques are being modernized every day to keep in step 
with the Atomic Age. 

But regardless of the newly developed equipment, results 
will still depend upon how good the man is who operates it. 
Navy photographers have proved, and are still proving, 
that they not only have the best equipment, but that they 
also know how to use it. 
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THE FUNDAMENTALS OF PICTUREMAKING 
Basic Implements Sketched 


First of all, here are brief definitions of the essential imple- 
ments of photography. They are expanded slightly beyond 
what your desk dictionary will give you, it is true, but still 
basic and essential to a first understanding of what will be 
treated in detail in subsequent chapters. 

The two manmade essentials required to make a picture 
are & CAMERA and FILM. 

A camera is a light-tight box equipped with a LENs, 
SHUTTER, DIAPHRAGM, and @ MECHANISM which controls the 
second essential, the rium. The lens is fitted to the front of 
the camera; its function is to reproduce an image of the 
selected subject at the rocaL PLANE, which refers to the 
position where the film is supported inside the camera. The 
image is formed when the LiguHt—a third essential—reflecting 
from the subject, passes through the lens and is projected to 
the focal plane. Chapter 2 is devoted exclusively to light 
and its application here. The shutter controls the duration 
of time that the light is allowed to pass through the lens. 
Chapter 3 outlines the theory of the lens. The diaphragm 
controls the amount of light passing through the lens to the 
film. Note the importance of the light factor m the above 
discussion: no light, no picture. 

Film is a tough, transparent base coated with an emulsion 
sensitive to light. The base is usually cellulose acetate. 
The emulsion is a thin layer of gelatin containing many small 
silver bromide crystals termed silver halides. The sensi- 
tivity of the emulsion is due to the fact that these silver 
particles are affected by light. This makes it possible to 
record the image which is projected by the lens onto the 
film. The action of light on the silver particles is not visible 
until the emulsion is treated in a chemical solution called a 
developer. The developing solution changes the silver par- 
ticles that were acted upon by the light to metallic silver. 
The number of silver particles affected by the developer is 
dependent upon the intensity and duration of the hght that 
strikes the emulsion. The effect of too much hght changes 


6 


all the surface silver particles, and a completely dark film 
results, and means in effect, no usable image. 


The Negative 


The light passing through the lens forms an as yet invisible, 
or latent, image in the emulsion. To make the latent image 
visible, the film is developed. This changes the silver halides 
which were affected by the light to metallic silver. After 
development there still remains in the emulsion all the 
unexposed silver particles (those unaffected by the light) 
and some that were exposed, but remained undeveloped. 
These must be removed and the developed image made 
permanent. This is accomplished by placing the film in 
another chemical solution termed a FIXING BATH. This bath 
makes all the unexposed and undeveloped silver halides 
soluble in water, but it does not dissolve the metallic silver 
grains which form the now visible image. 


The fixing bath clears the developed film by removing all 
the unexposed and undeveloped silver particles. The ex- 
posed, developed, and fixed silver particles remaining in the 
film form the negative image. This clearing and fixing 
action improves the keeping-properties of the negative image 
and makes possible the subsequent printing which produces 
the positive. The film is then washed to remove all chemicals 
and hung up to dry. 


The image has the same relative size and shape as the 
subject it represents. The colors of the subject, instead of 
appearing as colors, are in shades of gray, ranging all the way 
from black to white, depending upon the brightness of the 
subject colors. A light-colored object, however, appears 
dark, and a dark-colored object appears light. In short, the 
image is reversed in its relative brightness. Because of this 
switch, the developed film is called a NEGATIVE. The reason 
for this reversal of brightness is that dark objects reflect less 
light than do bright objects, and therefore transform fewer 
silver halides in the emulsion. The more particles affected 
by light, the darker that area of the negative will be. The 
transformed metallic silver grains which are now permanently 
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Figure 1-1.—The negative. 


suspended in the emulsion form the negative image. (See 
fig: 1-1.) 


Making a Positive or Print 


After the process of producing the negative has been com- 
pleted, the problem is to produce a positive image from that 
negative. This positive image will be a true representation 
of the relative brightness of all parts of the object, and is 
called a PRINT. (See fig. 1-2.) 

A print is ordinarily made on paper coated with another 
light-sensitive emulsion. This emulsion is much the same 
as the one which covered the film. The most common form 
of photographic printing is known as CONTACT printing, so 
called because the negative and the printing paper are held 
in direct contact, emulsion to emulsion. Contact printing 
is usually accomplished by the use of a specially constructed 
box called a CONTACT PRINTER. By means of this contact 
printer, light is passed through the negative to the printing 
paper, resulting in the formation of a positive latent image 








Figure 1-2.—The positive or print. 


in the emulsion of the paper. The time that the light is 
allowed to pass through the negative is called EXPOSURE. 
After the printing paper is exposed, the resulting latent 
image is made visible by DEVELOPMENT. Following develop- 
ment, the print is made permanent by FIXING, WASHING, and 
DRYING. All of these processes will be explained in detail 
in subsequent chapters. 


The Basic Camera 


The earliest type of camera known is the CAMERA OBSCURA, 
which is thought to have been originated by Aristotle, the 
Greek philosopher, about 350 B. C. It consisted of a dark- 
ened room with a small opening in one wall. Light reflected 
from objects outside the room was admitted through a small 
opening, a pinhole, and formed inverted and reversed images 
of those objects on the wall opposite the opening. A screen 
set at any position between the hole and the opposite wall 
produced a smaller image with no great difference in clear- 
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ness. Although there was no permanent recording of the 
image with sensitized materials until the eighteenth century, 
the camera obscura was put to use by medieval scientists in 
studying eclipses of the sun, and by artists to help them with 
their drawing and perspective. 

THE PINHOLE CAMERA.—There were many variations of 
this device—some were rooms, others were compartments 
mounted on wheels or poles, and still others were small 
portable boxes. When these devices became portable, they 
were known as PINHOLE CAMERAS. They all worked upon 
the same principle: The light reflecting from objects in front 
of the hole passed through the hole and projected an image 
of those objects on the opposite wall. The image had one 
peculiar characteristic—it was inverted, as are the images 
formed by modern lenses. The explanation of this is de- 
pendent upon the fact that light waves travel in straight 
lines. Figure 1-3 shows that light from a point at the bottom 
of the candle travels in a straight line up through the small 
hole until it strikes the upper region of the opposite side of 
the box. Light from a point at the top of the candle travels 
in @ straight line down through the hole until it strikes the 
bottom region of the opposite side of the box. Thus the 
light, as it reflects from the various points of the object, 
travels in straight lines through the hole to form an inverted 
image. 


PINHOLE 





IMAGE OBJECT 


Figure 1-3 —Inverted image formed by a single pinhole. 
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By placing a curtain or flap over the pinhole when not 
using it, we have made use of the fourth part necessary to 
any camera in use today. With all the various accessories 
and attachments which have been devised, a camera still 
requires these four basic parts: 

The DARK BOX, for excluding all unwanted light. 

The PINHOLE, or LENS, which admits the image. 

The scREEN, or other material, for receiving the image 
formed by the lenses or pinhole. 

The sHuTteR, for controlling the entrance of light through 
the lens, or pinhole. 

The pinhole camera illustrated in figure 1-4 is easy to 
make, and will produce fairly good photographs. The dark 
box must be dull black on the inside to prevent reflections 
from the sides reaching the image. The pinhole may be 
made by sticking a pin through a thin piece of black paper 
placed over a hole in one end of the box. The screen for 
receiving the image may be only a piece of film pinned to the 
end of the box opposite the pinhole. The shutter may be 
another piece of black paper laid over the pinhole, or a 
finger held in place over the hole while the camera is outside 
the darkroom. 





PINHOLE | FILM 
— OBJECT PAR IMAGE 
Figure 1-4.—A pinhole camera. 
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The exposure time required to make a picture is consider- 
ably more than for the usual box camera. Even with the 
extremely sensitive films now available, the exposure in 
bright sunlight will be one or two seconds, while for weak 
light indoors it may take several hours to produce an image 
on the film. 

THE BOX CAMERA.—lIn later developments, a LENS was 
used to replace the pinhole, and the image was made much 
brighter because of the greater amount of light which entered. 
But this lens required that the screen be set at one given 
position, or distance from the lens, in order to get a sharply 
defined image. 

It was not until the sixteenth century that the lens was 
used in a camera. Leonardo da Vinci wrote of the pinhole 
camera in the early part of the sixteenth century but made 
no mention of a lens. In the latter part of the century, 
Danielo Barbaro, a Venetian nobleman and writer, was the 
first to use a lens with the camera. The first really portable 
camera with a lens and viewing glass was reported by Zahn, 
an oculist, in 1665. 


NAVAL PHOTOGRAPHY 


Now that you have a brief picture of the essentials of the 
photographic process, consideration will be given to its 
application in the Navy and its mission, which extends today 
to even the most distant and unknown areas of the globe. 
Keep in mind, too, that the Navy is no longer concerned 
exclusively with oceans and ships. Naval aviation places 
even the most remote and unfamiliar land areas within its 
scope of possible operations. It is always helpful to know 
a little of the history of the activity with which we are 
concerned. 


Historical Firsts 


The beginning of photography as a recognized part of the 
naval service dates back to 1915; however, it was used back 
in 1862, when Matthew Brady, celebrated Civil War photog- 
rapher, stood on the deck of the Federal ironclad Monitor 
and exposed a photographic plate which was to become one 
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Figure 1-—5.—Officers on board the Monitor Mahopac, 1864. 


of the first ‘‘photographs following the battle’ to be placed 
in the record files. 

Brady took his historic picture when the Monitor fought 
the Confederate ironclad Merrimac at Hampton Roads, Vir- 
ginia. It is primarily a photograph of part of the ship’s 
crew, showing some men waving at the cameraman, and 
others, tired, weary, and slightly in awe of the man with 
the box and black cloth, standing around their deck guns. 
The Civil War cameraman did not realize it at the time, 
but his picture presented an accurate record of the damage 
inflicted on the Monitor by the Merrimac. At least five 
indentations in the Monitor turret, caused by cannon balls, 
were visible in the photograph as proof of the strength of 
armorplate then in use. 

Photography in the Navy for the next eighty years was 
confined almost exclusively to the pictorial. United States 
Forces landing in Samoa in 1892, the first liberty party in 
Yokohama in 1907, street fighting in Vera Cruz in 1914 
during the Mexican border trouble, and pictures of damaged 
ships during World War I are high spots in the picture record. 

Still-picture files of the Navy during these early years 
present a true and fairly complete record of events. They 
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Figure 1-6.—Gunboat Mendota James River. 


were taken for historical value, for public information 
release, and for recruiting purposes. 

No accurate record is available to establish the first use 
of photography in the official business of the Navy. The 
first major use of photography was made by the Bureau 
of Ordnance in their gunnery exercises. A special set of 
cameras, much like those in use today, was carried by the 
target group of vessels to photograph the splashes of the 
fall of shot in the target area. From these photographs, 
by a method of triangulation, the location of the shells at 
the moment of impact with the water was computed. 

When the airplane entered the Naval Establishment in 
1913, photographs were used in a more or less haphazard 
way to augment the records and show the results of structural 
failure in the materials being used. 

During the winter of 1915-1916 at Pensacola, Florida, 
W. L. Richardson, SC 3/c, USN, began taking pictures of 
the various activities connected with the operation of the 
Flight School. These pictures proved so useful to the depart- 
ments concerned that he was designated as official photog- 
rapher. His laboratory consisted of a darkroom set up in 
a combination broom closet. Brooms, swabs, and pails 
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Figure 1—7.—Pilot and photographer in AR-14 type airplane with Graflex 
type camera. 


disappeared and photographic prints emerged—prints which 
were to be officially accepted for Navy files. Richardson 
later carried his camera, which was built on a cigarbox 
fashion, aloft, and received credit for taking the first official 
Navy aerial photograph. (See fig. 1-7.) 

In a few months Richardson was transferred to what 
later became the Bureau of Aeronautics, to organize the 
photographic division, and plan the establishment of a 
school for those photographers who were in the service, 
but assigned to other duties. Special emphasis was to be 
placed in coordinating the specific requirements of the Navy 
and standard photographic procedures. 

The plan submitted was approved, and Richardson was 
commissioned an ensign in the Naval Reserve and given 
charge of the new division. In the spring of 1918 the school 
was established at the Naval Air Station, Miami, Florida, 
and all men who were available, as well as any others who 
could pass the entrance examination, were sent to this school. 
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The course of instruction was of six weeks’ duration, and 
graduates were assigned to laboratories at ne various air 
stations, at home and abroad. 

With the signing of the Armistice, the. school at Miami 
was closed. Many of. the photographers left the service 
and the work was curtailed. The shortage of trained pho- 
tographers to carry on the work became acute in the latter - 
part of 1919,;when the NC-4, NC-1, and NC-3 made the 
historic flight across the Atlantic to the Azores. Another 
school was established at the Naval Air Station, Anacostia, 
D. C., in January 1920. LTJG William Mann, USNR, was 
the officer in charge. 

In the summer of 1920 the first trials were made of aerial 
photographs of the fall of shot in long-range battle practice 
on the Southern Drill Grounds off Cape Henry, Virginia. 
LT W. L. Richardson, Lyman E. Goodnight, and Alvin K. 
Peterson were the members of this first aerial camera party. 
The results were so satisfactory, that a unit was sent out 
on special duty to work with the fleet in Cuban waters the 
following spring (1921). For the record, Alvin K. Peterson, 
Lyman E. Goodnight, Austin E. Gwinn, and Kelso M. 
Taylor composed this party. Again the results were satis- 
factory, and aerial photographs continued to be used wher- 
ever possible, as a supplement to the surface photo-triangu- 
lation group. 

Following this combination of aviation and surface cam- 
era party work, the Bureau of Ordnance arranged for the 
Bureau of Aeronautics to train selected personnel from the 
photo-triangulation party to enable them to handle the 
increased use of more elaborate cameras and equipment in 
that field. 

Soon after this, the rating of photographer (PhoM) was 
established, thus eliminating the always existing confusion 
when men of various ratings are aboard but not at work 
in those ratings. All nonrated graduates of the school were 
rated photographers; and the others had their ratings 
changed to the corresponding photographic rate. 

In a short time the needs of the school had become too 
great for the limited facilities at Anacostia, and in August 
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1923 the school was moved to the Naval Air Station, Pen- 
sacola, Florida, where it has since remained. LT L. A. 
Pope, USN, was the first photographic officer in the new 
location. As a matter of interest, the size of the classes was 
set at a maximum of 12 men, with two classes per year. This 
program kept the division up to its authorized strength of 250 
men for the entire Naval Establishment for several years. 


Chronology of Development 


In the last ten years, naval photography has come of age, 
after a renewed appreciation of its potential value just prior 
to World War II. Photographic activities increased many- 
fold from a prewar budget of thousands of dollars, to the 
peak of millions obligated during the war. The establish- 
ment of the Photographic Interpretation School at Anacos- 
tia, D. C., in 1941; the combining of the Motion Picture 
Camera School, Camera Repair School, and Naval School — 
of Photography in 1944 at the Naval Air Station, Pensacola, 
Florida, and designated as Group 3 Schools, were all for- 
ward steps. Highly trained graduates of the schools are 
now available for duty anywhere in the naval service, with 
most of them grouped under aviation commands, with 
gunnery exercises coming next in line. 

In November 1945 VB4 multiengine reconnaissance 
training (VP Phase) moved from Municipal Airport, Jackson- 
ville, Florida, and Photo Reconnaissance (VF Phase) School 
moved from Harrisburg, Pennsylvania, in December 1945. 
The two combined at NAAS, Whiting Field, Milton, Florida, 
and the resulting unit was called Photo Reconnaissance 
School, with LCDR Ben T. Brown, USN, as officer in charge. 
The course was 12 weeks. In June 1947 Photo Reconnais- 
sance moved to the Naval Air Station, Pensacola, Florida, 
and completed the combining of photo schools. In Novem- 
ber 1950 a new school was established and designated as a 
Class (B) School teaching advanced photographer’s mates and 
officers. Photographer’s Mates, Second Class and above 
were assigned for advanced training; officers were assigned 
to qualify for duty as photographic officers; and naval 
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aviators were trained in reconnaissance work. LT A. Heath, 
USN, was designated as the Training Officer. 

Although pioneer naval photographers spent most of their 
time taking historical, recruiting, and public information 
pictures, several men looked forward to other uses of cameras 
and light-sensitive materials. One of these former enlisted 
photographers, LT C. C. Herring, USN, had read of the 
new “black light’? on infrared plates. Hoping to use this 
new type of photography to help guide ships in heavy fog, 
he conducted a number of experiments, but was forced to 
give up when he discovered his exposure required several 
hours. His dream of infrared photography was fruitless, 
but years later, radar and radarscope photography finally 
solved the problem of navigating under poor weather 
conditions. 

The combination of camera, film, and paper—in the 
testing, research, and development laboratories and on the 
battlefields overseas—wielded a destructive force as potent 
as any gun. Navy photographers “‘shot’’ pictures instead of 
bullets. Every attack upon Japanese-held islands in the 
Pacific was preceded by aerial photo reconnaissance, which 
left little to guesswork. The size of the enemy forces, their 
aerial strength, the amount and position of their shipping, 
location of docks and reefs, the width and contour of beaches, 
gun placements and dispositions—all of these were deter- 
mined by photo-interpretation officers from pictures taken 
by the flying photographers. 

Combat photographers were on most all battle fronts 
“shooting” pictures (movies and stills) for record purposes. 
Prior to the end of World War II, fighter planes were 
equipped with two K-25 cameras mounted in a radar bulb. 
One camera, aimed forward, showed an area before being 
attacked, the firing of rockets and the impact as they were 
exploding, and pilot dropping his bombs and pulling out of 
his dive. The second camera, aimed aft, revealed the 
complete destruction caused by both rockets and bombs, 
thereby completing three missions in one—the existing 
target, the attack, and the total damage inflicted, or after- 
effect, which was used for damage assessment. 
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Following a successful application of airborne television, 
the Navy turned its attention to underwater television. In 
a demonstration believed to be the first successful operation 
of underwater television equipment, Navy photographers in 
1947 televised and recorded scenes covered by a television 
camera 180 feet below the surface of Bikini Lagoon, where 
two atomic bombs sunk many ships during tests in 1946. 

With photography playing an ever-increasing part in the 
recruiting of personnel, in training for definite skills, in 
depicting battle action for study, and to the public, in 
comprehensive coverage of research on and development of 
atomic weapons, the photo division continues to perform 
commendably at all times. To those who see it in its 
present strength and stature, it seems hard to believe that 
it all began through the efforts of a Ship’s Cook, Third Class, 
who happened to be a photo hobbyist. Yet the records will 
show that Walter L. Richardson—‘‘Uncle Dick” to the 
oldtimers—was a Ship’s Cook, Third Class, when he began 
less than forty years ago to make his hobby useful to the 
pioneer aviators on duty at Pensacola. 


THE PHOTOGRAPHER'S DUTIES 


Although almost every specialized type of photography 
has an application in the Navy, the naval photographer is 
not a specialist. He is expected to qualify himself and put 
into practice all specialties in a creditable manner. Therefore, 
he must be a versatile photographer, as well qualified to 
operate an aerial camera and a motion picture camera as he 
is @ press camera or a view camera. He must get the 
important photo the first time. Then, resourcefulness, 
proper timing, and precision are all requirements of the 
Navy photographer. 


Aboard ships or ashore the photographer’s working station 
is ordinarily in the photographic laboratory. The size of the 
laboratory, the number of photographers assigned, the 
amount and type of equipment, and the quantity of photog- 
raphy produced depend largely on the class of the laboratory. 
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The classes of laboratories vary with the needs of the shore- 
based activity and with the type and size of ships. 

On large ships and large shore bases your work is directed 
and supervised by senior petty officers and Photographer’s 
Mates Chief. On smaller ships and with small units ashore 
you will be practically on your own. 

Photographers are stationed at shore establishments in 
the States and at advanced bases; others are assigned to 
aircraft carriers; aircraft squadrons, battleships, cruisers, 
tenders, Amphibious Commands, Fleet Camera Parties, and 
Combat Camera Groups. 

The specific KNOWLEDGES AND SKILLS required of the 
striker before he can be rated as a Photographer’s Mate, 
Third Class, are set forth in NavPers 18068, Manual of 
Qualifications for Advancement in Rating, which is revised 
periodically in order to accurately reflect the needs of the 
service. Similarly, the requirements to advance from third 
class to second class, from second class to first class, and from 
first class to chief are detailed in the same publication. A 
copy of the ‘‘Quals” for the PH rating is in appendix II of 
this course. 

The above Manual is of vital interest to the Division 
Officer and the enlisted man alike. Unfortunately, enough 
is not known about this publication by either the enlisted 
man or the Division Officer in all too frequent instances. 
This publication is the official manual which promulgates 
the minimum qualifications for the advancement in rating 
of enlisted personnel in the Navy and Naval Reserve and shall 
be used as a guide by all naval personnel concerned with the 
training and advancement of naval enlisted personnel in 
accordance with Bureau of Naval Personnel directives. It 
covers in more or less broad terms the requirements for 
advancement for all ratings in the Navy, both military and 
professional. Qualifications for emergency service ratings 
as well as those for general service ratings are detailed in the 
Manual. 

Photographer’s Mates (General Service, USN Personnel) 
accomplish photographic work required by the naval service; 
record actual or simulated battle operations; make pictorial 
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records of historical and newsworthy events aboard ships and 
at shore stations; operate and maintain various types of 
motion picture and still cameras; test-operate, install, and 
service aerial cameras; perform copying, developing, print-— 
ing, and finishing operations. Personnel qualified for flight 
duties and designated aerial photographers operate aerial 
reconnaissance and mapping cameras. 7 

The qualifications abbreviate the General Service rating 
as PH and lists five specialized ratings to cover Emergency 
Service ratings for Reserve personnel and USN personnel 
during the mobilization periods of a national emergency. 

The Cameraman (PHG) operates still and motion picture 
cameras, while the Repairman (PHR) is an expert in the 
repair of all service type cameras and laboratory equipment. 
The PHA, or Aerial Cameraman, must be proficient in all 
phases of aerial photography. 

The Laboratory Technician (PHL) specializes in laboratory 
work and spends the greater portion of his time processing 
negatives and making prints. The Microfilm Technician 
(PHM) operates microfilm cameras and printing equipment 
and processes both the film and the prints. 

The Regular Navy Photographer’s Mate, the PH, is 
expected to qualify himself to handle all Emergency Service 
specialties in a creditable manner except that he may not be 
required to qualify in all the skills and knowledges required 
of the PHR. 

Qualifications are divided into PRACTICAL FACTORS and 
EXAMINATION SUBJECTS, and are defined as follows. Practical 
factors are those qualifications which can best be determined 
by observation of the candidate for advancement in situations 
that permit a demonstration of his knowledge, skill, and 
ability under actual or simulated working conditions. Exam- 
ination subjects are those qualifications that can’ best be 
demonstrated in a written examination. In considering the 
skills of this course, the emergency ratings which supplement 
the general service ratings are considered together, so that 
too many categories will not result. 

It is important to note that the qualifications printed in 
appendix II in this course, which cover the Photographer’s 
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Mates ratings, are current only through Change 10 to the 
Manual of Qualifications for Advancement in Ratings, Nav - 
Pers 18068 (Revised). Itis therefore necessary that reference 
to the LATEST CHANGE TO THE MANUAL BE MADE IN PREPAR- 
ING FOR ANY EXAMINATION. Consult your Information and 
Education Office, or your Education and Training Officer 
for the latest changes to the Manual. 


Selective Emergency Service Rates Program 


The Selective Emergency Service Rates Program (SESR) 
has been instituted by the Navy to facilitate and more 
completely specialize the training of naval personnel in 
the lower pay grades. This program is a specialized training 
plan aimed at obtaining the fullest use of personnel under 
the Navy training programs and to meet fleet needs. This 
program concerns the Photographer’s Mate rating in that 
the striker may no longer advance to the general service rate 
of Photographer’s Mate 3. He must now advance to one 
or the other emergency service rates of PHG3, PHR3, PHL3, 
PHM3, or PHA3. This applies to Regular Navy personnel 
and Naval Reserve personnel alike. Personnel now accom- 
plish the advancement to one or the other emergency service 
ratings above because of their specialization during basic 
training through the activation of the emergency service 
rates. The Group IX ratings (aviation) are especially 
adapted to the SESR Program due to the fact that aviation, 
along with some other fields, has advanced so spectacularly 
in recent years. 


PERSONNEL ASSIGNMENT 


The Chief of Naval Operations (Head of Naval Photog- 
raphy) coordinates the policies and the assignment of photo- 
graphic personnel. Personnel are assigned to activities 
having billets for photographic personnel, as required, to 
fill the operating needs of laboratories according to the class 
of the laboratory and type of work done. 

Enlisted photographic personnel who are assigned to 
activitics not authorized to operate official Navy photo- 
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graphic laboratories shall be assigned to the laboratory in the 
ship or station upon which they are based, on temporary 
duty or special detail, to augment the ship or station photo- 
graphic force. An exception to this shall be in the case of a 
fleet activity based ashore operating an authorized laboratory 
in addition to or in lieu of a station laboratory. In this 
instance, other fleet activities shall assign their photographic 
personnel to the fleet operated photographic laboratory. 
The personnel of a typical photographic laboratory are 
usually broken up in to the following categories: 
1. Photographic Officer (usually a warrant officer or officer 
graduate of a photographic school). 
. Leading Chief Photographer’s Mate. 
. Junior Chief Photographer’s Mate(s). 
. Senior petty officers. 
. Junior petty officers. 
. Nonrated men (normally graduates of a photographic 
school). 
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Responsibilities 


PuHotToGRAPHic Orricer.—An officer designated as photo- 
graphic officer, shall, under the commanding officer, be in 
charge of and responsible for all photographic equipment and 
the work performed in the authorized laboratory or facility 
to which he is assigned. 

LEADING CHIEF PHOTOGRAPHER’S Mate.—The leading 
chief of a photographic laboratory is responsible for the unit’s 
actual production under the supervision of the photographic 
oficer. He is in charge of the personnel of the unit and 
assigns individual men to the various phases of the work. 
He also directs the routing of job orders through the various 
stages of production. 

JUNIOR CHIEF PHOTOGRAPHER’S MateE(s).—The jumor 
chief(s) will assist the leading chief, and the photographic 
officer, in carrying out the operational policies of the unit. 

SENIOR PETTY OFFICERS.—Senior petty officers are usually 
assigned as section leaders. Their jobs will be to assist, 
simplify, and expedite the work of the leading chief. The 
senior petty officer will see that his particular step in the 
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process of production is properly completed. In all matters 
pertaining to his section he will report directly to the leading 
chief. 

JUNIOR PETTY OFFICERS.—The junior petty officers are 
concerned with and responsible for the actual production of 
the work in the field and in the laboratory. They will super- 
vise and work with the nonrated men. 

NONRATED MEN.—The nonrated accomplish the actual 
production of the work in the photographic laboratory, under 
the supervision of the junior petty officers. 


Training Program 


Basic TRAINING.—The Chief of Naval Operations (Head 
of Naval Photography) will recommend policy and extent of 
training in photography and photographic interpretation. 

ON-THE-JOB TRAINING.—Photographic officers and/or pett 
officers will supervise the indoctrination and training of 
photographic personnel under their cognizance, in the use of 
all equipment and materials available in the facility to which 
they are attached. In this training they will teach the latest 
techniques in naval photography, as provided by Photog- 
raphy Technical Bulletins, Army-Navy Service Bulletins, 
Army-Navy Technical Orders, Air Force Technicals Orders 
on photography, and other photographic instructions. 


Third Class Requirements 


This Navy Training Course, Photographer's Mate, Third 
Class, introduces the trainee to such complex subjects as 
light, lenses, negative materials and their processing, positive 
materials, and the contact and projection methods of print 
making. 

Tt discusses specifically the press and view cameras which 
are common working tools of the Navv photographer. 
Exposure control and exposure meters, as well as filters, are 
explained before the subject of basic composition 1s con- 
sidered. 

Illustrative (or small parts) photography, copying, and 
personnel photography are covered completely. Certain 
broad and important fields of activity such as lighting, 
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negative processing, print making, composition, and ad- 
vanced techniques with the press camera are further ex- 
panded in the more advanced Navy Training Course for 
PH2 which is to be used by Photographer’s Mates, Third 
Class, in qualifying for second class. 


HOW TO PREPARE FOR ADVANCEMENT 


Whether or not you have followed the normal path of 
advancement to where you now are, you will be expected to 
have a thorough knowledge of the duties and requirements 
for the Airman Recruit (AR), Airman Apprentice (AA), 
Airman (AN), and Photographer’s Mate, Third Class. A 
copy of Airman, NavPers 10307, will help clear the details 
related to the requirements for Airman. 


Basic:Study References 


Basic NavPers courses are designed to give you a good 
foundation of information that is needed to advance. For 
good reading that will give you the story of the origin and 
development of the U. S. Navy, get a copy of Your Navy, 
NavPers 10600. 

In addition to the prescribed training courses for each 
rating, there are a number of Basic Training Courses which 
will prove very helpful. One of the best in the field of tools 
is Basic Hand Tool Skills, NavPers 10085. It covers basic 
tools from hammers and screwdrivers to precision instru- 
ments, including the necessary maintenance and precautions. 
You would also do well to spend some time reading Basic 
Electricity, NavPers 10086. 

Photographers use a lot of mathematics, especially with 
lenses, determining camera coverages and exposure problems. 
You don’t have to be an Einstein to be an expert photog- 
rapher, but many situations will arise where math will save 
the time that would be lost through trial-and-error methods. 
Mathematics, Vol. 1 and Vol. 2, NavPers 10069-A and 10070- 
A covers everything from addition to logarithms. 

You should review the Bluejacket’s Manua!, and for infor- 
mation on the duties of petty officers read the General 
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Training Course for Petty Officers, NavPers 10055, which will 
prepare you for leadership and military duties. For other 
requirements, try also Chemical and Brological Warfare 
Defense, NavPers 10098, and Surmval in the Water, NavPers 
10080. 

Technical References 


~The Manual of Naval Photography, OpNav Instruction 
3150.6A, 1s issued to each official photographic laboratory. 
It covers the administration, standards, and procedures to be 
followed by the laboratory. All official photographers are 
acquainted with this instruction and they use it as a guide 
in the normal course of business. 

Study this training course and follow it up with additional 
references, such as Technical Orders, NavAer Instructions, 
NavAer Notices, and the Photo-Lab-Indezx, as they are 
referred to in the various chapters of this text. 


Other Important References 


A bibliography titled Training Publications for Advance- 
ment in Ratiny, NavPers 10052, is issued in revised form 
annually by the Bureau of Naval Personnel. This booklet 
lists the Navy Training Courses and other publications 
required or recommended for study for the advancement 
in each of the rates and ratings. This booklet is also 
applicable to the Naval Reservist who is on active duty. 
It is a bibliography of reference sources from which examina- 
tion questions for your advancement will be taken. Train- 
ing courses which are marked with an asterisk (*) must 
be completed for specific rate levels before you are eligible 
to take the advancement examination. It must be realized 
that, as indicated in the Manual of Qualifications for 
Advancement in Rating, NavPers 18068, all higher pay 
grades listed in this booklet may be held responsible for the 
materials in publications listed for the lower rates of that 
particular rating. 

The Record of Practical Factors, NavPers 760 (PH) (New 
5-56) form, which is a part of your service record, lists the 
practical factor (military and professional) requirements for 
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the Photographer’s Mate rating. There is a like form for 
all other general service ratings. As proficiency is demon- 
strated in each practical factor listed on this form, an entry 
is made showing the date and initials of the supervising 
oficer. Any major changes to the Manual of Qualifications 
for Advancement in Rating, NavPers 18068, require that the 
Record of Practical Factors form be reprinted. However, 
minor changes to the Manual may be recorded in the spaces 
provided on the Record form. ‘The relationship between the 
Manual of Qualifications for Advancement in Rating and 
Record of Practical Factors is immediately apparent since the 
practical factor requirements printed in the Record form are 
taken directly from the Manual. The Record form affords 
an orderly and meaningful method of recording vour pro- 
gress in advancement towards the next higher rate within 
the rating. 


HOW TO USE THIS COURSE 


Here are a few suggestions to help you get the most out 
of this course. When you begin a chapter, read it through 
just as you would a magazine article. Don’t let the difficult 
spots slow you down. At the end of the chapter you will 
find questions forreview. Try them. If you cannot answer 
all of them, that is all right. The questions you cannot 
answer will point vou tc the parts of the chapter which will 
require the most study. These questions will also show vou 
the chapter sections which have the greatest practical 
importance. 

Now go through the chapter again, but don’t pass anv 
section until vou thoroughly understand it. When vou 
finish the chapter, try the questions again. You should be 
able to answer all of them without any trouble. If not, 
look back through the text and dig out the answers. At the 
end of the book vou will find answers to the quiz, but look at 
them only when it is time to check vour own. (Nobody will 
be watching vou, so if vou use the answers in any other way 
vou will onlv be cheating vourself.) 

For technical instruction this training course follows the 
requirements for Photographer's Mate, Third Class, and 
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includes the standards and procedures. But you should also 
study thoroughly the general references as indicated by the 
text as a followup of additional information. If you want to 
be an outstanding PO, you should know much more than is 
required. In addition to the information in this course and 
the references, keep your eyes and ears open in the photo- 
graphic laboratory. A superficial knowledge of photography, 
as pointed out earlier, can be obtained by studying the course 
books. But the application of this knowledge will also 
require constant attention, study, and activity in the 
photographic field. 


OTHER TRAINING AVAILABLE 


Two other training courses for the Photographer’s Mate 
rating group are available. One of these has been prepared 
for the Photographer’s Mate, Third Class. It is intended 
to assist him in qualifying for the next step up the ladder 
of competence and advancement and outlines the knowledge 
and skills he must possess to become a Photographer’s Mate, 
Second Class. 

The final training course deals with the highly specialized 
activities which are the provinces of the first class and chief 
petty officer. 

This course will be interesting reading as you become more 
capable in the performance of vour duties as a striker. One 
word of advice: Let first things come first. A great deal of 
time, thought, and study went into the selection of the sub- 
ject matter of these Navy Training Courses, and under the 
usual circumstances, what you will be required to know first 
will be found in this book. When you have mastered the 
basic knowledge that it contains, and have advanced to 
third class, then read the second of the series, and finally, 
the third book. But do not make the error of skimming 
through these courses too rapidlv. Knowledge is power, 
but practice is the key to this most worthwhile of all treas- 
ures; and let the desire for additional knowledge wait on the 
mastery of the basic principles. George Washington said, 
“Experience is the surest standard by which to test.”” This 
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truth is the foundation on which all Navy training has been 
built. Learn what is contained in this course honestly and 
completely before you pass on to the advanced courses and 
vou will be the kind of man on which the Navy has built its 
“can do” reputation. 


Navy Photographic Schools 


The Navy photographic schools are designed to assist 
interested and qualified Photographer’s Mates and strikers 
in advancing in the rating structure. 

With one exception these schools are concentrated at the 
Naval Air Station, Pensacola, Florida. 

Here the Commanding Officer of the Naval Air Technical 
Training Unit, a division of the Naval Air Technical Training 
Command, operates four separate schools. They are: 

Photographer’s Mate (Class A) is a 14 weeks course in 
Basic Photography, plus 2 weeks aerial phase, and is open 
to personnel designated AA, SN, and SA. 

Advanced Photographer’s Mate (Class B) is a 21 weeks 
course in the Advanced Applications and Techniques of 
Photography. Photographer’s Mate, Second Class, and 
above are eligible. 

Motion Picture Camera (Class C) running for 14 weeks, 
is open to Photographer’s Mates, Third Class and above 
who wish to specialize in motion picture photography. 

Camera Repair (Class C), a 12-week course, is open to 
PH3’s and above who are mechanically inclined and desire 
the specialized work of repairing cameras and laboratory 
equipment. 

The foregoing liberal education in the broad field of 
photography is available to you if you are willing to apply 
vourself. There is no place for the lazy, the careless, or the 
man who is looking for a ride. Photographer’s Mates 
assigned to a shore station or aboard ship deal with important 
people—the well-known VIP’s—both military and civilian. 
They also deal with very important events. A place in 
recording the nation’s historv may well fall to vour lot. 

Of this you mav be sure—yours will be an exciting and a 
significant job. Unfolding before vou will be the biggest 
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news in the world, and you will be armed with the finest 
cameras and materials that science can provide. 

You must be alert, resourceful, and competent. Compe- 
tency demands that you have sound technical knowledge, 
experience, and the ability to understand what you shoot. 
It is through the eye of your camera that the world will see 
the action, the damage, and the record. Navy cameramen 
establish the viewpoint of the camera which in many ways 
will be the viewpoint of the Navy. 


QUIZ 


1. Photography, as an art, depends upon as its principal 
medium. 
a. sensitized materials 
b. cameras 
c. light 
d. lenses 
2. The developed, visible, image in a photograph is composed of 
a. silver bromide 
b. silver halides 
c. silver particles 
d. metallic silver 
3. The silver, which is unaffected by light or chemical solutions in a 
sensitized material, can be removed by placing the material in 
a solution termed a 
a. fixing bath 
b. developing agent 
c. stop bath 
d. wash bath 
4. When making a photographic print, the time that the light is allowed 
to pass through the negative is called 
. print development 
. exposure 
. lighting ratio 
. hegative ratio 
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MatcH CoLUuMN A WITH COLUMN B 


A B 
. Dark box a. Receives the image 
. Pinhole b. Controls the entrance of light 
. Screen c. Admits the image 
. Shutter d. Excludes all unwanted light 


. The first major use of naval photography was made by the 
a. Bureau of Aeronautics 
b. Bureau of Ordnance 
c. Bureau of Ships 
d. Bureau of Yards and Docks 
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CHAPTER 





INTRODUCTION TO LIGHT 
LIGHT IN THEORY 


The exact nature of light is unknown, but the men who 
study theoretical physics have been trying to find out for 
many centuries. Some of their experiments seem to show 
that light is composed of tiny particles, and some show that 
it must be made up of waves. 

According to the view now generally accepted, light is a 
form of ELECTROMAGNETIC RADIATION; that is, light and 
similar forms of radiation, such as radio waves, are made 
up of moving ELEcTRIC and MAGNETIC forces. Hence, light 
is that form of radiant energy which is capable of affecting 
the sense of sight. | 

Light travels its journey from its source, which may be 
the flare of a match or the glow of a distant star, to the eye. 
If there was no such organ as the eye to receive the light, 
what light is and how it travels would make very little 
practical difference photographically. Since the eve exists 
and is constantly receiving light from many different sources, 
some consideration of the theories of hght is necessary. 


Vibration Theory 


Late in the seventeenth century, two famous physicists 
developed separate and contradictory theories concerning 
the physical nature of hght. Sir Isaac Newton believed that 
a beam of light consisted of a stream of very minute particles, 
or corpuscles, and when these infinitely small particles 
reached the retina of the eye, they induced the sensation we 
know as hght. 
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Wave Theory 


Christian Huygens, a Dutchman, reasoned that light con- 
sisted of a train, or series, of small waves which produced 
sight upon entering the eye. The biggest obstacle to his 
wave theory was how could light travel through empty space, 
because it is possible to conceive of energy being transferred 
in only two ways—as a ball tossed through the air from one 
place to another or as the passing of a wave motion through 
water. | 

To answer that, Huygens invented a hypothetical (theo- 
retical or suppositional) substance which he termed ETHER. 
This ether, according to his theory, occupies all space, even 
the space already occupied by something else. It was con- 
sidered loose enough for the earth and planets to move freely 
in it; vet at the same time, if it carried wave motion at the 
speed of light, it had to be a solid, which was many times 
more rigid than steel. The ether theory, however, could 
explain most of the facts then known about light. 


WHAT IS LIGHT? 


Theory Supported by Known Facts 


First one theory and then the other attracted the approval 
and acceptance of the physicists. Today there are scientific 
phenomena which can be explained only by the wave theory 
advanced by Huygens, and another large group of occur- 
rences which can be made clear only by Newton’s corpuscular 
theory. Physicists, constantly searching for some new dis- 
covery which might bring these contradictory theories into 
agreement, gradually came to accept a theory concerning 
light which was a combination of these two views. 


Radiation Is Discontinuous 


In 1900, Max Planck experimented with the PHOTOELECTRIC 
effect. He found that under certain conditions light can 
knock electrons off various substances. When that happens, 
the energy of the light is transferred, in measurable amounts, 
to the electrons. In order to explain what he found, he 
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necessarily assumed that the energy of light travels in little 
packages, or particles. Planck called these particles QUANTA, 
and named his theory the QUANTUM THEORY. 

Albert Einstein backed up Planck. Einstein showed, with 
mathematical equations, that quanta have a frequency like 
waves, but that the quanta are actually particles of energy. 

As a result of the QUANTUM THEORY, which considers 
electromagnetic radiation to be transmitted in bundles or 
packets, it is necessary to change radically the simple wave 
theory. According to the modern view, when electromagnetic 
energy, such as light, is absorbed or emitted by an atom of 
material, the energy received or given off is in measurable 
quantities, called PHorons. Thus, the modern photon re- 
sembles somewhat the corpuscle of the Newtonian view; and 
the long search for a satisfactory method of explaining radia- 
tion, which started with Newton, ran through long periods 
of controversy, and at last came back to a modified form 
of his original ideas. ALL RADIATION, INCLUDING LIGHT, IS 
NOW CONSIDERED AS BEING COMPOSED OF PACKETS OF ENERGY 
WHICH HAVE DEFINITE WAVE PROPERTIES. 

Therefore, when considering the way light starts from its 
source and the effect that it has on matter, the packet, or 
photon, theory gives the best answers. But in studying the 
way light travels, what is found can best be explained by the 
wave theory. Chapter 5 of this course will explain some of 
the photochemical effects of light; chapter 10 will show some 
of the photoelectric effects. This chapter, however, will be 
primarily concerned with the BEHAVIOR OF LIGHT which is 
usually explained by the wave theory. 


Light Wavelength 


The waves which produce the sensation of light are all 
very short, averaging about one fifty-thousandth mech in 
length. WavrLENGTH means the distance from the crest of 
one wave to the crest of the following wave as illustrated in 
figure 2-1. | 

In order to measure these wavelengths more accurately, a 
special unit of measure was devised and has been named for 
the scientist who devised it. This unit is called an ANGSTROM 
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Figure 2-1.—Measurement of the light wavelength. 


UNIT, or more usually, an ANGSTROM. In more recent work 
these waves are measured in millimicrons which are millionths 
of millimeters. By means of these two units of measure, all 
the various waves which produce the sensation of light can be 
measured accurately. 


Comparison With Sound 


In many respects the waves which produce light can be 
compared to sound waves. Vibrations in the air cause sound 
waves which, when they reach the ears, produce the 
sensation of sound. In the same manner, a luminous (see 
“Luminous and Nonluminous Objects’’) light source acts as 
an oscillator which causes a disturbance in the space around 
it, generating light waves that spread in all directions, much 
as the vibrating string of a guitar produces the air waves that 
are called sound. That is, oscillating atoms in the glowing 
filament of an electric lamp, for example, radiate energy in 
the form of light waves which produce the sensation of sight 
when they reach the eyes. Both sound and light waves 
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radiate in all directions from their sources and become 
weaker as they travel farther from the sources. 


Sound waves vary in length, and the ears of man are 
capable of registering only a part of them as sound. Long 
air waves cannot be heard, but as they are gradually short- 
ened, the ear can begin to hear the deep bass tones. Further 
shortening of the air waves register as higher tones, through 
the middle register to the high pitched tones, where further 
shortening of the waves places them outside the hearing zone 
on the opposite side from the start. 


So it is with light. Comparatively long light waves do not 
affect the eyes. As the waves gradually shorten, the eyes 
will begin to perceive the deepest reds; further shortening of 
these waves leads through the orange, the yellow, the green, 
the blue, the indigo, and the violet-—Newton’s seven spectral 
colors. Finally these waves become so short that they have 
no effect on the eyes and are invisible. 


Very few sounds are caused by vibrations on only one 
wavelength in the air, but by a combination of several 
wavelengths which make up that sound. The same is true 
of light. Very few colors are produced by only one light 
wavelength. Combinations of various wavelengths will 
register as various colors as seen by the eyes. It is interesting 
to note, however, that each different wavelength of light 
produces its own characteristic color. 


Luminous and Nonluminous Objects 


A distinction that is well to keep in mind throughout the 
study of light is the division of all objects into those that are 
by nature luminous, and those that are nonluminous. 
Luminous objects produce their own waves of light and 
include the sun, a fire, white-hot meta], and a match. Non- 
LUMINOUS objects, and these include practically everything 
that can be the subject of a photograph, are visible only 
because they reflect light from some luminous source. Non- 
luminous objects are not visible in the darkness; and the only 
light they can give off is the light they reflect, which must fall 
upon them from some source that produces light. 
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HOW LIGHT TRAVELS 


Because light is so essential to photography, it is necessary 
that something be known about its properties, and how it can 
be controlled by the mechanism of the camera. 

Light travels in the form of vibrations, or waves. Light 
waves ordinarily travel along straight lines, passing through 
some substances, and being diverted by others, as will be ex- 
plained later in this chapter. All forms of energy which are 
transmitted by waves of any nature are classified according 
to their frequency (number of waves per unit of time) and 
length into a system called the ELECTROMAGNETIC SPECTRUM. 
This classification is important here only because it permits 
the assignment of a given wavelength in millimicrons to each 
form of energy with which photography is concerned. (A 
micron is one-thousandth of a millimeter; a millimicron (mu) 
is one-thousandth of a micron.) As shown in figure 2-2, the 
chief wavelengths of importance are those of the visible 
spectrum, plus the invisible infrared and ultraviolet wave- 
lengths which adjoin it on either side. 


Radiation of Light 


Light radiates from its source in all directions until ab- 
sorbed or diverted by coming in contact with some substance. 
An excellent example of wave radiation similar in nature to 
the waves of light originating from the sun can be observed 
by dropping a stone into a pool of still water. The waves 
move out from the center in all directions until they reach 
the various edges of the pool. 

Lines drawn from the light source to any point on one of 
these waves show the direction in which the wave fronts are 
moving. ‘These lines are radii of the spheres formed by the 
wave fronts. In diagrams of optical instruments, and when 
illustrating image formation, these lines show direction of 
movement and are called ticuTt rays. Single rays of light 
do not exist. Light rays as used in illustrations are radii 
from the light source to show direction of travel. 

A large volume of light is called a BEAM, a narrow beam is 
called a PENCIL, and the smallest portion of a pencil is a 
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Figure 2-3.—Radii of sphere as rays, showing wave movement from a nearby 
light source. 


LIGHT RAY. Aray of light then can be illustrated as a straight 
line, and this straight line drawn from a light source will 
represent an infinite number of rays radiating in all direc- 
tions from the source. (See fig. 2-3.) 

Wave fronts near the light source are sharply curved, 
while those at a distance are almost flat. Light rays from a 
distant source or object are parallel as illustrated in figure 2-4. 

THE VISIBLE SPECTRUM.—Sunlight is WHITE LIGHT, and it 
is composed of all the visible wavelengths of light blended 
together. If any one of these wavelengths is missing or is 
present in a different proportion from the normal, the light 
will take on a different color. By the proper blending of 
these wavelengths, any visible color can be produced. 

Although there are many sources of light known, the sun is 


Figure 2-4.—Waves and radii from a distant light source. 
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recognized by far as the most important one. All others are 
measured against this master source, and differences are 
noted and recorded. Effort is being made constantly to 
produce light artificially that will match the light of the sun 
in all respects. 

When a beam of white light is passed through a prism, as 
shown in figure 2-2, it is refracted and dispersed into its 
component wavelengths. Each of these wavelengths reacts 
differently on the eye which then sees the various colors 
that compose the visible spectrum. This experiment with 
the prism was first conducted in 1666 by the same Sir Isaac 
Newton who formulated the corpuscular theory of light 
reception. 

While for all practical photographic purposes, white light 
is considered to be a combination of its PRIMARY COLORS— 
RED, GREEN, and BLUE; the visible spectrum is recorded as a 
mixture of red, orange, yellow, green, blue, indigo, and 
violet (fig. 2-2). It can be readily demonstrated that 
WHITE LIGHT RESULTS WHEN THE PRIMARIES (red, green, and 
blue) ARE MIXED TOGETHER IN OVERLAPPING BEAMS OF LIGHT. 
Furthermore, the COMPLEMENTARY or secondary colors of 
red, green, and blue may be shown equally as easy by mixing 
any two of the primary colors in overlapping beams of light. 
Thus, red and green light mixed in equal intensities will 
make YELLow light, green and blue will produce blue-green 
light which is termed cyan, and blue and red light correctly 
mixed will render MAGENTA. 

It should be noted that a few modern texts vary the treat- 
ment of the color scale slightly from Newton’s original seven 
spectral colors. This is due partly to developments in the 
mixing values of pigments (paints), and partly to the dis- — 
covery by Maxwell and other scientists, that the retina of 
the eve is equipped with three varying groups of nerves, 
sensitive roughly to red, green, and blue-violet light. 

CoLor or Licgut.—<A brief study of figure 2-2 indicates that 
light with a wavelength of 700 millimicrons will be red, and 
that a wavelength of 500 millimicrons -will be blue-green. 
From this it could be reasoned that the color of light depends 
strictly on its wavelength. Actually, the color of hght is 
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dependent upon its frequency, just as sound depends upon 
its pitch, or frequency. 

When the wavelength of 700 millimicrons is measured in 
the ether, it produces the color known as red, but in another 
medium this wavelength will be other than 700 millimicrons. 
For example, when red light enters glass, which is a medium 
of different density, it loses speed, and its wavelength becomes 
shorter, or compressed. The fact that it continues to be red 
is because the frequency remains the same, thus demonstrat- 
ing the principle that color depends upon frequency of trans- 
mission. It must be kept in mind that the scale in figure 2-2 
refers to wavelengths in air. 

Various colors to the eye depend on the frequency of trans- 
mission of the various component wavelengths of the visible 
spectrum which are present in equal amounts in white light. 


Speed of Light 


Physicists can now measure the speed of light with great 
precision. Their calculations vary slightly according to 
the method used to determine its speed. For all practical 
purposes, however, the SPEED of LIGHT, in air or in a vacuum, 
is 186,000 MILES PER SECOND. In a denser medium, such as 
glass, light travels more slowly. Furthermore, in denser 
media the velocity is different for each of the various colors. 
It is only because light travels more slowly in glass than in 
air that a glass lens can bend rays of light to a focus. Simi- 
larly, since each color travels at a slightly different speed in 
denser media, the glass prism can separate the wavelengths 
of white light and show all of its various colors. Table 2-1 
lists the speed of yellow light in various media for comparison. 


Table 2-1.—Approximate speed of yellow light in various media. 


——— rs a PS tt 


Air or vacuum_____--...---...--.-...- 186,000 m. p. s. 

Waters os coe ts he ated ee eet come 140,000 m. p. s. 

Ethyl aleohol.......----.--.----__--- 137,000 m. p. s. 
Glass...________- Rareengne sec ante d oe tees. 95,000 to 127,000 m. p. s. 
Quartz_.._.._______________.___ __.... 110,000 m. p. s. 

WiAMON A axes Soe ene i ae 77,000 m. p. s. 
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ARTIFICIAL LIGHT 


From the early days of photography man has used the 
sun as the main source of light, but as time progressed and 
science advanced, the need for additional forms of light 
became necessary. These requirements have brought about 
the development of special types of light that are designed 
to improve both the scope and quality of photographic 
work. These changes have brought photography from the 
primitive methods into the technical and creative science 
that it is today. 

In photography there are two major subdivisions of the 
sources of light—NaTURAL and arRtTiFIcIAL. Natural light 
for all practical purposes is daylight; however, daylight is 
the sum of sunlight present and the skylight. Usually the 
percentages on a clear day will be 80 percent direct sun- 
light, and the remaining 20 percent a combination of 
skylight and indirect sunlight. 

Artificial light is any other form of hght, and photog- 
raphers, for convenience, refer to it broadly as TUNGSTEN 
LIGHT. The name has been taken from the inexpensive and 
widely used tungsten-filament lamp, which is effective for 
both color and black-and-white photography. 


Artificial Light Sources 


Sources of artificial light in their order of development, 
other than burning wood for heat and the torch, are oil 
lamps, candles, gas lamps, carbon arcs, incandescent elec- 
tric lamps, and the luminous gas tubes. The sources gen- 
erally available for photography are electric arcs and 
tungsten lamps, including photoflash and fluorescent lamps. 

THE CARBON ARC.—The carbon arc consists of a pair of 
carbon rods connected in series with a resistance across an 
electrical circuit. These lamps are operated on both direct 
and alternating current, but their use is limited with alter- 
nating current because both carbon rods burn equally bright. 
This arc is started by bringing the carbons into contact and 
then separating them. To maintain proper spacing as the 
carbons burn away, they are fed either manually or automati- 
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cally toward each other, keeping the gap constant. The 
characteristics of this light source can be altered by drilling 
the carbons and then filling the core with an inorganic salt. 

The use of the electric arc is limited to semipermanent 
installations, since a large amount of power is necessary. 
The light from this source is very strong and concentrated, 
and it may vary in its color range depending on the type 
of electrodes used. The lamp is bulky, and if it is the man- 
ually adjusted type, it must be given careful attention when 
in use. No other lamp delivers light as strong during 
continuous burning as an electric arc. 

INCANDESCENT LAMPS.—In the beginning the incandescent 
lamp consisted essentially of a conducting filament enclosed 
within a glass bulb and heated intensely by electric cur- 
rent. Continued research has brought about numerous 
improvements, resulting in the tungsten-filament lamp of 
today. 

PHoToFLooD.—-Photoflood lamps resemble normal service 
lamps, but their filaments are designed to give more light 
per watt at the expense of longer lamp life. Several sizes 
are available, designated as No. 1, No. 2, and No. 4, and 
their light output is roughly proportional to these numbers. 
When the letter B is used with the number, it indicates 
that the lamp has a blue filter. This type lamp is made 
to produce light for use with daylight-type color film. The 
letter # is used with a lamp number to indicate a built-in 
reflector, and no other reflector is required. 

Puotortasy.—Flashlamps are another form of incandes- 
cent lamps. They have the shortest life of all. The useful 
duration of the flash produced varies from one-twentieth 
to one two-hundredths of a second depending upon the 
class of flashlamps used. These bulbs are filled with oxy- 
gen and a metallic aluminum filament in the form of foil, 
ribbon, or wire. The glass bulb confines the combustion of 
this filament so there is no noise or smoke, and little danger. 
Furthermore, the glass bulb is covered with a lacquer solu- 
tion to greatly reduce the danger of shattering glass from 
a cracked or defective bulb. The lacquer coating for reg- 
ular BLACK-AND-WHITE and COLOR PHOTOGRAPHY WITH 
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TUNGSTEN-TYPE FILM is CLEAR. This lacquer coating is 
DYED BLUE on the bulbs intended for use when it is neces- 
sary to flashlight a subject with sunlight quality ilhumina- 
tion, which is required when using daylight-type color films. 

FLUORESCENT LIGHT.—-Flourescent tubes produce a soft, 
cold light of great photographic intensity. These tubes 
are generally filled with neon, argon, krypton, or xenon, or 
a mixture of any of these. They require high voltage and 
are usually operated on 110-volt alternating current mains 
through step-up transformers. 

These tubes operate at about 125° F. They can be made 
to supply almost any color of light, consume very little cur- 
rent, and produce almost no heat. The latter fact, plus 
the absence of glare, has made them popular as commercial 
portrait lights, because the sitter is much more comfortable 
under a bank of fluorescents than when squinting past a 
blinding tungsten flood or spot. 

The new fluorescent tubes differ from the early gas-filled 
fluorescents. The gas is used only to activate a fluorescent 
substance with which the inner walls of the tubes have been 
coated. It is this fluorescent substance, not the gas, that 
furnishes the light; and, the color of the light depends on 
the type of coating used. 

Fluorescent lamps are available in a number of types and 
sizes. They range from 10 to 100 watts per tube, and from 
one to a dozen tubes as a unit. The light from these tubes 
is very diffused and can not be concentrated in a small area. 
They are used mainly for floodlighting where no deep shadows 
are desired. The main photographic disadvantage of these 
lighting units is their softness. To say ‘flatness’? would be 
more nearly correct. To avoid this flatness, tungsten spots 
and floods are used for highlight and background illumina- 
tion. Since these tubes produce very little heat and perform 
better when they burn all during the possible period of use, 
they should not be switched off and on like tungsten lamps. 

STROBOSCOPIC LIGHT.—The flashbulb did away with the 
hazards of flash powder, but the necessity of using a new 
bulb for each exposure remained until the high-speed gaseous 
discharge lamp was developed. Now the high-speed flash- 
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lamps are the newest light source for photography and are 
in widespread usage. Today there are repeating flashbulbs 
known as repeating flashtubes, speedlights, strobe lights, and 
electronic flash. 

These flashtubes, the heart of the repeating unit, may be 
flashed from 10,000 to 25,000 times. They operate from a 
power pack which is energized by storage batteries or regular 
alternating current. The average weight of these power 
packs is six pounds. The portable power pack operates from 
a battery. The packs store the electrical energy which is 
discharged through the tube, causing the quick, brilliant 
flash. The amount of energy stored is directly proportional 
to the size and weight of the power pack. When released, 
this terrific charge of current, the discharge, jumps across 
two electrodes in the gas-filled tube and creates the short 
high intensity flash. 


Characteristics of Lighting Equipment 


Present photographie hghting equipment includes a large 
number of lights designed for all types of lighting require- 
ments. These lights vary from tiny bulbs designed for 
medical photography to the huge arc lamps which nearly 
equal daylight in intensity. 

The No. 1 PHOTOFLOOD LAMP is inside-frosted and draws 
about 250 watts; however, for photography it is equal in 
intensity to an ordimary 750-watt lamp. Its rated hfe on 
115-volt lines is 3 hours. 

The No. 2 PHOTOFLOOD resembles a regular 150-watt lamp 
in size. It draws about 500 watts and equals in intensity 
an ordinary 1,500-watt lamp. This is almost double the 
intensity of the No. 1. The No. 2 photofloods are useful 
about 6 hours when operated on 115-volt lines. 

The R2 REFLECTOR PHOTOFLOOD uses approximately the 
same filament as the regular No. 2 photoflood. This lamp 
is funnel-shaped and the neck tapers toward its base. The 
other end of the bulb is flattened, and frosted on the inside. 
A deposit of aluminum on the inside of the funnel of the lamp 
provides an efficient reflecting surface which enables the 
lamp to concentrate the light over an angle of about 60 
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degrees. This lamp draws about the same wattage as the 
No. 2 photoflood and has a useful life of 6 hours on 115-volt 
lines. 

The No. 4 PHOTOFLOOD LAMP consumes about 1,000 watts, 
has a useful life of about 10 hours, and produces nearly 
four times as much light as a No. 1 photoflood lamp. This 
lamp has a MOGUL (a large screw) base. 

REFLECTOR PHOTOSPOT.—General Electric makes a RE- 
FLECTOR PHOTOSPOT, the RSP2, which is identical in size, 
shape, wattage, life, and color temperature to the R2 re- 
flector photoflood. Its beam of light has been squeezed 
into approximately 20 degrees, resulting in a punch of. light 
more than seven times greater in intensity than the R2 
reflector flood. 

Spotuicuts illuminate a smaller area than floodlights. 
By spotting the light its intensity is increased, and this 
produces more sharply defined shadows, more intense high- 
lights, with much greater lighting contrast. The light 
sources for spotlights range from tungsten-filament projec- 
tion type lamps to high intensity arcs used for motion 
picture photography. The projection lamps have a few 
coils of tungsten wire heated white hot by electrical current. 

Waite HoT, in the projection lamp filament, means several 
times as hot as molten steel, hot enough to melt asbestos 
and fire brick, and hotter than any substance other than 
melted diamonds. 

Built into the spotlight, behind the hght source, is a. 
highly reflective SPHERICAL MIRROR to concentrate the light 
on the FRESNEL LENS (a small positive lens surrounded with 
a series of prismatic rings), which is fitted to the front of the 
spothght. | 

Most spotlights also have a mechanical device which can 
be adjusted to change the distance of the lamp from the 
fresnel lens. The photographer, by using this device, can 
vary the width of the beam from an intense spot to a very 
broad beam of illumination. When the lamp is moved near 
the lens, a broad beam is produced. Then to concentrate, 
or focus, the beam to a spot, the lamp is moved away from 
the lens. 
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FLUORESCENT LIGHTS.—The fluorescent lamp is an excel- 
lent general light source. A few outstanding features of 
this lamp are: low radiant heat, fine diffusion with little 
glare, and high actinic value. Fluorescent light is particu- 
larly well suited to bring out texture, tone gradation, and 
shadow detail. Various types of reflectors and equipment 
are made to accommodate these lamps, and at present they 
are available in 9-, 18-, 24-, 36-, 48-, and 60-inch lengths. 
The inside of the fluorescent tube is coated with phosphors, 
the composition of which controls the color of light. A 
white and daylight type are the most useful photographically. 
A bank of these tubes, due to their area, is classified as an 
extended light source, which places them outside of the very 
strictest jurisdiction of the inverse square law. 

PHOTOFLASH LAMPS.—These single-use bulbs burn out 
rapidly, and 3 volts is sufficient to ignite their contents. 
There are two basic types of photoflash lamps: one for 
between-the-lens shutters and the other for focal plane 
shutters. The bulb for between-the-lens shutters has a 
short brilliant flash, while the bulbs for use with focal plane 
shutters are designed for a weaker but much longer flash 
peak to produce even illumination while the shutter aperture 
travels across the film. (A focal plane shutter works near 
the focal plane (or film plane) in the camera. It consists of 
an opaque curtain which has a slit opening; and the opening 
is moved across the film surface from one roller to another by 
the curtain which is under spring tension.) Then, for a given 
bulb, either a short intense flash or a longer weaker flash 
can be designed. 

Different size bulbs are made in both of the basic types and 
are designated by numbers; but the numbers, unlike the 
numbers for photoflood lamps, are not related to light 
intensity. Flashlamps are rated by the manufacturers ac- 
cording to light intensity in LUMEN SECONDS. These values 
form the basis for flash exposure tables and computers. The 
letter B, when used with these numbers, indicates a blue 
filter covering on the bulb for correct: reproduction with 
daylight-type color film. 

The ELECTRONIC FLASH UNIT is designed to produce a flash 
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which is approximately equal in color to sunlight, with an 
extremely short duration of light (usually one-thousandth to 
one five-thousandth of a second). Black-and-white film and 
daylight-type color film can be exposed with this flash. The 
intense light and the short flash duration make it possible to 
stop all movement of people, animals, and many types of 
mechanical motion. 

This unit is used only with between-the-lens shutters and 
cannot be used with the focal plane mechanism. 

The flash duration is shorter than any speeds available 
with the between-the-lens shutter. and the exposure cannot 
be controlled with shutter speed settings. The amount of 
light entering the camera must be controlled by the dia- 
phragm settings and the distance of the light from the 
subject. 


BEHAVIOR OF LIGHT 


Transparent, Translucent, and Opaque Objects 


When light waves, which travel in straight lines, encounter 
any substance, they are either transmitted, reflected, or 
absorbed. (See fig. 2-5.) Those substances which permit 
the penetration of clear vision through them, and which 
transmit almost all the light falling upon them, are said to be 
TRANSPARENT. There is no substance known which is per- 
fectly transparent, but many substances are nearly so. 
Those substances which allow the passage of part of the light, 
but appear clouded and impair vision substantially, are 
called TRANSLUCENT. Those substances which do not trans- 
mit any light are called opAQUE. 

All objects which are not light sources are visible only 
because they reflect all or some part of the light reaching 
them from some luminous source. White objects reflect all 
the wavelengths of white light to a high degree. Black 
objects absorb all the component wavelengths of white light 
to an almost universal extent. 

The degree of difference in shades between white and black 
depends upon the amount of light reaching them and the © 
percentage of reflection or absorption. Some white objects 
appear darker than others because they reflect a smaller 
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Figure 2-5.—Effect of different media. 





percentage of the total light reaching them. Likewise some 
black objects appear lighter than others because they do not 
absorb so great a percentage of the total light reaching them. 
The less light reflected from an object, the darker that object 
appears. 

The following reactions of light rays to the media they en- 
counter are of great importance in photography and will be 
discussed in detail. 


Reflection 


The term REFLECTED LIGHT simply refers to those light 
waves, or light rays, that are neither transmitted nor ab- 
sorbed, but are thrown back from the surface of the medium 
they encounter. INCIDENT LIGHT, or incident rays, are those 
rays that strike the surface of an object, and the point of 
incidence is the point of contact. 
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Figure 2-6.—Reflected light. 


Light reflected, or thrown back, is either sPECULAR or 
DIFFUSED, as indicated in figure 2-6. 

SPECULAR AND DIFFUSED LIGHT.—If the surface of the 
medium contacted by the incident light ray is smooth and 
polished, the reflected light will be thrown back at the same 
angle to the surface as the incident light. The path of the 
light reflected from the surface forms an angle exactly equal 
to the one formed by its path in reaching the medium. In 
this case THE ANGLE OF INCIDENCE IS EQUAL TO THE ANGLE 
OF REFLECTION, which is a universal characteristic of specular 
light. 

If the surface is rough and irregular, the incident light 
rays will be reflected in more than one direction. This form 
of reflected light is termed DIFFUSED. 


Practically all surface mediums reflect both specular and 
diffused light; smooth surfaces reflect more specular light, 
and rough surfaces reflect more diffused light. Since diffused 
light is more common than specular light, it is this light that 
is of the greatest value in photography. Keep in mind that 
all surfaces vary in their power to reflect light; smooth sur- 
faces accommodate an angle of reflection identical with the 
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angle of incidence, whereas the angle of reflection is confused 
and varied when light rays strike an uneven surface. 


Absorption 


If light strikes a medium and is neither reflected nor 
transmitted (passed on), it is said to be absorbed, or taken 
up, much as a sponge absorbs water: Black cloth or areas 
of dark forest, for instance, absorb more light than do such 
objects as a white sheet or a coral sand beach. When light 
comes in contact with the surface of an object, a certain 
degree of reflection, and some absorption, always take place. 

The color of an object is determined by the manner in 
which it absorbs—among other processes—incident light. A 
woman’s dress is red when it absorbs the blue and green 
primary rays of white light, and reflects the red waves. A 
lawn appears green because the grass blades when seen as a 
single unit or area absorb the red and blue rays of light and 
reflect the green rays. 

Neutral colors, such as white, black, and the various 
values of gray, actually absorb almost equal proportions of 
the primary colors of light. Varying reflective powers 
account for their differences. As previously mentioned, 
white is highly reflective, while an object of absolute black- 
ness, no matter how much light might be focused on it, can 
never be recorded except by contrast on film. 


Transmission 


In addition to being reflected and absorbed, light rays 
may be transmitted or allowed to pass through some mediums 
they encounter, as shown in figure 2-7. Where objects can 
be clearly seen through the medium, it is said to be trans- 
parent. Window glass is a familiar example of a transparent 
medium; the windshield of a motorcar is another; clear 
plastic wrapping is a third. A medium is said to be trans- 
lucent when light is visible through it, but objects are not 
clearly distinguishable. Thin latex fabrics and frosted glass 
are examples of translucent materials, which allow the passage 
of diffused light. An opaque medium will permit the 
transmission of no light whatever. 
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Figure 2-7.—Light rays reflected, absorbed, and transmitted. 


A form of transmission which is discussed in some detail 
subsequently, is termed REFRACTION. This occurrence deals 
with the change of direction enforced on a light wave as it 
passes through a transparent medium. The light ray, or 
wave, is said to be bent in this process. 


Dispersion 


All refracted light is not bent uniformly, however, and a 
white object observed through the edges of an ordinary 
reading glass appears to have a bluish tone. Certain color 
waves that occur in white light are bent more than others, 
and those like blue, which are in the short wavelength end 
of the spectrum, will be bent the most. This blue hue then 
ties in with the previous discussion of the visible spectrum, 
since the edges of the reading glass have the same effect, to 
a lesser degree, as did the prism in separating the ray of 
white light into its various colors. This breaking up of the 
light ray into its component colors is termed DISPERSION. 


Refraction 


The change of direction which occurs when a ray of light 
passes from one transparent substance into another of 
different density is called REFRACTION. This phenomenon 
enables a lens to form an image. Without refraction, light 
waves would behave as X-rays do, and pass in straight lines 
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Figure 2-8.—The law of refraction. 


through all suitable substances without any control of 
direction. Only shadow patterns could be made with them. 
This refraction is due to the fact that light travels at different 
speeds in different transparent substances. The speed of 
light in each transparent substance is called the index of 
refraction for that substance. For example, light travels 
about one and one-half times as fast in air as it does in glass, 
so the index of refraction for glass is about 1.5. 

Every transparent substance, including hundreds of dif- 
ferent kinds of glass, has its own index of refraction, and 
they vary widely. In all cases, however, this index of 
refraction is used to measure the ability of that substance 
to change the direction of light rays passing through it. 

Refraction, or change of direction, always follows a simple 
rule. IN PASSING FROM ONE TRANSPARENT SUBSTANCE INTO 
ANOTHER OF GREATER DENSITY, REFRACTION IS TOWARD THE 
NORMAL. IN PASSING FROM ONE TRANSPARENT SUBSTANCE 
INTO ANOTHER OF LESSER DENSITY, REFRACTION IS AWAY 
FROM THE NORMAL. In this rule, the normal means a line 
perpendicular to the surface at the point of entrance. 
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This refraction is shown in figure 2-8. The ray of light, 
AB, strikes the glass plate at an oblique angle. If it were 
to continue in a straight line, it would emerge from the 
plate at EH. But in accordance with the rule just given, it is 
bent toward the normal, RS, and emerges from the glass 
at C. Upon entering the air, the ray does not continue on 
its path, BC, but is bent away from the normal, XY, and 
along the path, CD, in the air. If the two surfaces of the 
glass are parallel, the ray, CD, will be parallel to the ray, 
AB, but not in line with it. The displacement will depend 
upon the thickness of the glass plate and the angle of entry 
into it. 

All rays striking the glass at any angle other than per- 
pendicular will be refracted thus. In the case of the perpen- 
dicular ray, MN, (fig. 2-8), which enters the glass normal to 
the surface, no refraction takes place, and the ray continues 
through and into the air in a straight line. The most com- 
mon example of refraction is the apparent bending of a 
straight stick placed at an angle in clear water. 


Diffraction 


Light which strikes the edge of an opaque medium is 
scattered slightly. The scattering of light in this way has 
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Figure 2-9.—Proof of diffraction. 
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been termed pirFRAcTION. Proof of diffraction is evidenced 
by the formation of a shadow with a fuzzy edge when light 
passes an opaque object. In this case the outside edge of 
the shadow is light and indistinct, but it gradually fades 
into the true black of the shadow which indicates that some 
of the light is scattered into the shadow area. (See fig. 2-9.) 
The effect of diffraction will be further explained in the dis- 
cussion of the pinhole camera in chapter 3. 


Polarization 


Energy in the form of a wave motion radiates from its 
source and travels through a medium. The medium is dis- 
placed, but returns to its original position. Only the 
disturbance in the medium travels. For example, if a 
section of line is secured at one end, with the free end held 
in hand, and given a shake, a wave will travel down the 
length of the line from the end that was shaken to the 
secured end. (See fig. 2-10.) 


Figure 2-10.— Waves passing along a line. 


A luminous light source, such as the glowing filament of 
a tungsten electric lamp, acts as an oscillator just as shaking 
the end of the line with the hand. The wave motion in the 
line, however, doesn’t represent the true wave motion of 
light, because light waves move in all possible directions at 
right angles to its direction of travel. A much clearer pic- 
ture of light wave motion could be seen by having a number 
of parallel lines with each shaken in a different direction, 
one up and down, one sideways, and others at various angles 
in between. 7 

It is possible, nevertheless, to restrict the vibrations o 
light wave motion to one plane. For example, a slot is cut 
in a piece of cardboard and a line, such as previously de- 
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Figure 2-11.—Light plane polarized by reflection. 


scribed, is stretched through the slot and shaken vigorously. 
The line will vibrate on the opposite side of the cardboard 
from the shaken end, but only in the direction of the longest 
dimension of the slot in the board. 

Now suppose that a number of parallel lines are stretched 
through a series of vertical slots, some of the lines are 
shaken up and down, some of them sideways, and the others 
at various angles in between. Then the lines, like light, will 
have wave motion in all directions at right angles to the line 
of travel. What happens when the wave motion in the lines 
reach the vertical slots? The vertical waves will pass 
through, but the horizontal waves are stopped by the edges 
of the slots. What about the diagonal waves, or the wave 
motion in the lines which were shaken at angles between the 
vertical and horizontal? A part of the wave motion will 
pass through; the waves on the opposite side of the slots 
from the source of vibration will be smaller, but they will 
be vertical. Therefore, beyond the slots, all wave motion 
will be in one direction. When wave motion is all in one 
direction, the term POLARIZED is used to describe the motion. 

Ordinarily, light waves vibraté in all directions at right 
angles to their direction of travel. But when light waves 
strike a series of parallel ‘“‘microscopic-slots,’”’ all the light 
that passes through will be vibrating in one direction. . This 
IS POLARIZED LIGHT. Filters which polarize light, termed 
POLARIZING FILTERS, have a very practical use in photography. 
Polarizing filters, their construction, types, uses, and effect, 
are discussed in chapter 12 of this training course. 

Specularly reflected light, from a nonmetallic surface at 
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an angle of 32 to 37 degrees, is polarized in such a manner 
that the light rays vibrate in a direction parallel to the 
reflecting surface. Light reflected in this way is said to be 
PLANE POLARIZED, and is seen as glare. This is shown in 
figure 2-11. 

There is some polarization effect at angles other than 32 
to 37 degrees, but none at 0 degrees and 90 degrees. Light 
from a clear blue sky arriving at right angles to the sun’s 
rays is also strongly polarized. 


HOW LIGHT MAKES SIGHT POSSIBLE 


When direct sunlight enters a darkened room through a 
small opening, the path of light can be traced through the 
air by the visible dust particles. It will be noticed that the 
path of light appears to be a straight line when seen from 
any position. Therefore, it can be said that light travels 
along straight lines in all directions from its source. 

In ordinary photographic discussion, a large volume of 
light is a beam, a narrow beam is a pencil, and the smallest 
portion of a pencil is a light ray. Thus in illustrations, light 
from any source can be represented as an indefinite number 
of rays (thin straight lines) radiating in all directions from 
the source (a point). Near the source, they will be close 
together, producing strong light waves. As they progress 
farther from the source, they spread farther apart, and 
become weaker light waves. (See figs. 2-3 and 2-4.) 

One essential difference between seeing an object and 
photographing the same object is that sight is temporary and 
fleeting, while a photograph is permanent. 

Here is a brief comparison of the essential parts of the 
human eye with their counterparts in the mechanism of the 
camera. A more detailed analysis of those points of similarity 
is included in the next chapter. 


Eye Camera 
Pups tes ook es eh sree eee Lens. 
DS hs ait at ates Be asa Rtas ah ede Diaphragm. 
Eyelid. ______- Beinn Mite, oe eisioeas _... Shutter. 
Rei Acs steele a ae es dine aes Film. 
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The comparison breaks down only when the difference in 
purpose between the two is considered. The eye is made to 
see with—to reveal a constantly changing picture by a con- 
tinuing exposure; the camera records a particular picture 
only. The light-tight box of the camera is partially dupli- 
cated only when the outside shell of the eye is covered and 
closed by the eyelid. Memory is perhaps the nearest approach 
the human being can offer to the finished print of the photo- 
graphic process, and a poor memory somewhat resembles an 
inefficient filing system for photographic prints; in either 
case it is hard to produce the picture desired at the instant 
it is needed. 

Light waves reach the pupil of the eye and are concen- 
trated by the lens just behind the pupil to form an image 
on the eye’s inside wall. This part of the eye is called the 
retina, and it consists of a great number of nerves which 
react only to the waves of the visible spectrum of light. 
Their reaction is carried to the brain, the causes the sensation 
of sight. 

The brain coordinator will sense an object as being bright 
if that object emits or reflects a lot of light. If an object 
gives off little light, the brain will say it is dull. Too much 
light stimulates the retina’s nerves excessively and causes eye 
fatigue and headaches, while too little light does not produce 
enough stimulation for the necessary brain reactions. To 
overcome these difficulties, the eye is equipped with an iris 
which opens or closes automatically according to the amount 
of light present. In bright sunlight the pupil of the eye is 
contracted to a small opening, and in a poorly lighted room 
it is expanded to a large one. The eye can be covered or 
closed by the evelid to shut out all vision and much of the 
light. 


The Visible Spectrum in Review 


Color is defined as the sensation the radiant energy of a 
wavelength of light evokes when it stimulates the eye and 
nerves which are attached to and serve the eve. It is easier, 
perhaps, to understand this technical definition by its 
effects. 
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It will be recalled that the visible spectrum comprises 
waves of different lengths, ranging from 400 to 700 milli- 
microns. White light is a mixture of waves made up of all 
these lengths IN EQUAL AMOUNTS. One of the basic things to 
remember is: White light consists of equal amounts of all 
wavelengths of the visible spectrum. 


Color by White Light 


Whenever any wavelength is present in greater abundance 
than others, the light will be a colored light. . For instance, 
if the light rays consist principally of waves ranging from 
about 400 to 500 millimicrons, the color observed will be 
blue. 

Color is largely a matter of absorption and reflection. 
If an object reflects all the wavelengths making up white 
light, the reflected light remains white in color. That is, 
white light remains white light when none of the wavelengths 
are absorbed by the reflecting surface. A surface such as a 
sheet of white paper will reflect all the wavelengths of white 
light. Such a surface or object is called white, or uncolored. 

If, on the other hand, white light falls on an object which 
absorbs some of the wavelengths, the object is called colored. 
The wavelength that is absorbed determines the color of the 
object. A red object appears red because it reflects only the 
red wavelengths. Most of the other waves which, as a group, 
produce green and blue are absorbed. 

In the same manner, a green object absorbs more red and 
blue than green. A yellow object absorbs more blue than 
red and green, and the reflected mixture of red and green is 
sensed by your brain through the eye as yellow. The failure 
of an object to reflect color is known as color absorption by 
the object. 


Color by Colored Light 


Light is not always white. That is, it is not always made 
up of all the wavelengths of the visible spectrum in approxi- 
mately equal proportions. Instead, a certain group of 
wavelengths may predominate, and when this happens, the 
light is called colored. 
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In the red light of a darkroom lamp, all green objects will 
appear colorless—black. Why? Because red light does 
not contain green, and therefore there is no green for the 
green object to reflect. A colored object will reflect light of 
its own color and absorb the rest. An object will appear 
colorless (black) when the light striking it does not include its 
own color. 

Various groups of wavelengths are sensed as different 
colors. The human mind gives to each color a different 
brightness factor. Yellow is sensed as very bright and 
violet as a very dark color. Blue, red, and green fall between 
these two extremes. 


HOW LIGHT MAKES PHOTOGRAPHY POSSIBLE 


The photographic camera and the human eye function in 
a strikingly similar manner. In making a picture, light 
rays coming directly from an object are concentrated by the 
lens onto the rear-inside wall of the camera. There, they 
form an image. If this wall is covered by a light sensitive 
material, such as photographic film, this image can be con-_ 
verted by development into a permanent record. Too much 
light would spoil the image on the film, and too little would 
fail to make the sensitized material respond to the action of 
light. Most: cameras, therefore, are provided with a dia- 
phragm which can be opened and closed to control the 
amount. of light entering the camera while the shutter is 
open. The shutter controls the time during which the light 
is permitted to enter the camera. 

In black-and-white photography, the attempt will normally 
be to record the different colors of an object in various tones 
of gray ranging from white to black. The effort should be 
to make bright colors appear in a light shade of gray and 
darker colors in a darker shade. Among the colors of the 
visible spectrum, a yellow object should appear in a good 
photograph as a lighter gray than a green object. And a 
blue object should be recorded as a darker gray than a green 
one. 
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QUIZ 


. A nonluminous object is one that 

a. produces light 

b. cannot be seen in total darkness 
c. will not reflect light 

d. cannot be lighted 


. A LARGE volume of light is called a 
a. light ray 

b. pencil of light 

c. pencil beam light 

d. beam of light 


. The two types of light which make photography possible are 
a. radiant and reflected light 

b. radiant and diffused light 

c. diffused and refracted light 

d. radiant and white light 


. The primary colors of light that make up white light are 
a. red, magenta, cyan 

b. red, yellow, blue 

c. red, green, blue 

d. blue, green, orange 


. The complementary colors of the primary colors of white light are 
a. red, green, blue 
b. orange, green, cyan 
c. magenta, yellow, cyan 
d. cyan, magenta, orange 
. Light travels through space in all directions at a speed of 
miles per second. 
a. 286,000 
b. 146,000 
c. 366,000 
d. 186,000 


. The visible rays of the spectrum range from 
a. 500 to 800 mu - 

b. 500 to 700 mu 

c. 400 to 700 mu 

d. 400 to 600 mu 


. The shredded wire found in most flashbulbs is made of an allov 
containing 

a. fine steel wire 

b. gunpowder 

c. aluminum 

d. dural 
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9. No other lamp delivers light as strong during continuous burning 
as 
a. photofiood lamps 
b. fluorescent tubes 
c. electric arc lamps 
d. incandescent lamps 


10. Flashlamps are rated by the manufacturers according to light 
intensity in 
a. lumen seconds } 
b. Kelvin temperature 
c. lamp size 
d. candlepower 


11. The amount of light entering a camera is controlled by the 
a. lens size 
b. diaphragm setting 
c. amount of light used 
d. refiected light from the subject 


12. Substances which permit clear vision through them are defined as 
a. clear 
b. opaque 
c. translucent 
d. transparent 


13. The statement ‘‘The angle of incidence is equal to the angle of 
reflection”’ refers to the characteristic of 
a. diffused reflected light 
b. specular reflected light 
c. reflected light 
d. absorbed light 


14. How would an object appear to the eyes if it absorbs red, green, 
and blue light? 
a. Red 
b. Blue 
c. White 
« d. Black 


15. Reflectors are used as part of tungsten lighting equipment to 
a. keep the light from the photographer’s eves 
b. diffuse the light 
c. decrease the light and throw it straight out 
d. concentrate and direct the beams of light 


medium. 


16. Camera lenses are an example of a/an __ 
opaque 

. translucent 

dispersing 

. transparent 


aoe 
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17. The phenomenon that enables light passing through a lens to 
form an image is called ____———Sséi*éf:‘ igh tj 
a. refraction 
b. dispersion 
c. diffusing 
d. reflection 
18. Light that vibrates in only one direction after passing through, 
or being reflected from, a medium is called 
a. specular light 
b. polarized light 
c. diffused light 
d. refracted light 
19. When comparing the parts of the human eye with their counter- 
parts in the mechanism of the camera, the eyelid is comparable 
with the 
a. film 
b. diaphragm 
c. shutter 
d. lens 
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CHAPTER 





THEORY OF LENSES 


The science of light in its application to vision is called 
optics. This is a science in which many years of study are 
required to become proficient. There is not enough space 
alloted here to discuss it completely, but it is necessary that 
certain fundamental laws be learned before any degree of 
actual success can be obtained with the camera. A few laws 
are difficult to describe clearly, while others could be memo- 
rized and used without any immediate understanding of why 
they work as they do. In the study of optics, as applied to 
photography, the same laws apply to all cameras no matter 
what their special use may be. By learning these laws and 
using them intelligently, you can do efficient work with most 
any type of camera as soon as its mechanical functions are 
mastered. 

The ‘dark ages” of photography are outlined in chapter 1, 
where the history of the basic camera is briefly described. 
It is sufficient here to recall that the first application of the 
photographic principle is believed to have occurred in 350 
B. C., when a famous Greek philosopher and the first 
scientist of all time darkened a room and made a small hole 
in one wall to admit light. These rays projected an image - 
of an outside object on the opposite wall. This experiment 
and its development through the centuries comprise the story 
of the camera obscura and the portable pinhole camera. 
No effort was made in these early experiments to retain a 
permanent record of the object-image thus projected; the 
results obtained were considered more as a stunt, than as an 
accomplishment for any lasting benefit. 

The chief difficulty with the pinhole camera was that the 
image it produced was too dim. The pinhole admitted a 
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very small amount of light, and there was no sharpness of 
outline. This was man’s first experience with the PRINCIPLE 
OF DIFFRACTION, which means that the outside edge of the 
projected image is relatively lighter and indistinct, gradually 
fading into the ualighted portion of the image plane. (See 
ch. 2.) This phenomenon demonstrates that some of the 
light rays are not concentrated on the image plane. This 
lack of concentration posed the problem that was eventually 
solved by the introduction and application of the lens. 


SIMPLE LENSES 


A LENS is made of glass, or other transparent substance, 
having two opposite regular surfaces. The type that forms 
a real image, an image that can be photographed, is basically 
double convex in shape. It forms an image by changing the 
direction of light rays. The lens concentrates a larger 
amount of light on the image plane than a pinhole, and a 
more brilliant image is the result. 

The opposite regular surfaces of lenses used to form real 
images are generally spherical, thicker at the center than at 
the edges, but include flat surfaces. Transparent substances 
have the property of bending (refracting) light rays that fall 
obliquely upon them. The effect of the curvature of the 
surfaces causes all rays falling upon them to converge to a 
point. 

The following series of applications and illustrations are 
given to show more clearly the function of the lens in 
photography. 

The Prism 


When a ray of light passes through a sheet of’ glass it 
emerges parallel to the incident ray. (See “Refraction,” 
ch. 2.) This holds true only when the two surfaces of the 
glass are parallel. When the two surfaces are not parallel, 
as in @ prism, the ray will be refracted at each surface of the 
glass. 

Figure 3-1 shows that both refractions are in the same 
direction, and that the emergent ray is not parallel to the 
incident ray. The law of refraction will explain what has 
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Figure 3-1.—Path of light ray through a prism. 


happened. When the ray entered the prism it was benu 
toward the normal, and when it emerged it was bent away 
from the normal. But the two normals are not parallel. 
The angle between the incident ray and the emergent ray is 
the pEviaTIon of the prism. Notice that the deviation is 
the result of the two normals not being parallel. 

If two triangular prisms are placed base to base, as in 
figure 3-2, parallel incident light rays passing through them 
will be refracted and caused to intersect. The rays passing 
through different parts of the prisms, however, will not 
intersect at the same point. In the case of the two prisms 
there are only four refracting surfaces, and the light rays 





Figure 3—2.—Refraction of light rays by two prisms base to base. 
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from different points on the same plane will not be refracted 
to a point on the same plane behind the prism; they will 
emerge from the prisms and intersect at different points 
along an extended common baseline as illustrated by points 
A, B, and C of figure 3-2. 
Parallel incident light rays falling upon two prisms that 
have been joined apex to apex (fig. 3-3), will be spread apart. 
The upper prism will refract light rays falling upon it upward 
toward its base, and the lower prism will refract light rays 
downward toward its base causing the two sets of rays to. 
DIVERGE. 





Figure 3—3.—Refraction of parallel light rays by two prisms apex to apex 


The Positive Lenses 


Suppose two prisms are placed base to base as shown in 
figure 3-2. The upper prism will refract the light downward 
toward its base and the lower prism will refract the hght 
upward toward its base. If the light rays are parallel to 
the prism bases, they will cross each other. 

A positive, convergent lens acts like two prisms base to 
base with their surfaces rounded off into a curve. Rays 
that strike the upper half of the lens bend downward, and 
the rays that strike the lower half bend upward. A good 
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CROSS SECTION OF LENS 
Figure 3—4.—Refraction of light rays by a positive lens. 


lens will cause all wavelengths within each ray that is 
reflected from an object in front of the lens to cross at the 
same point behind the lens as shown in figure 3-4. 

To understand the effect upon a ray of light passing 
through a positive lens, apply the LAW OF REFRACTION. (See 
ch. 2.) When the incident ray of light enters the denser 
medium (the lens), it bends toward the normal. When it 
passes through into the less dense medium (the air), it bends 
away from the normal. Figure 3-5 illustrates the refraction 
of only one ray, but any number of rays passing through a 
positive lens are affected in the same way. Refer to figure 
3-4 and note the path of the center ray as it passed through 
the positive lens. ALL INCIDENT LIGHT RAYS, either parallel 
or slightly diverging, WILL CONVERGE TO A POINT AFTER PASS- 
ING THROUGH A POSITIVE LENS. 

The only ray that can pass through a lens without bending 
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Figure 3—5.—The law of refraction applied to a convergent lens. 
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Figure 3-6.—The path of an incident light ray through the center of a lens. 


is shown in figure 3-6. This ray strikes the first surface of 
the lens at a right angle, perpendicular or normal to the sur- 
face. Therefore, it passes through that surface without 
bending. It strikes the second surface at the same angle; 
therefore, it leaves the lens without bending. All rays pass- 
ing straight through a lens at an angle normal to both surfaces 
will not bend. The converging or positive lens will bend all 
other rays passing through it toward the incident axial ray. 
See also the term OPTICAL AXIS as discussed later in this 
chapter under “Image Formation by Convergent Lenses.’’ 

Positive lens and convergent lens are synonymous terms, 
since either of them may be used to describe the action of a 
lens which focuses (brings to a point of convergence) all 
light rays passing through it. All simple positive lenses are 
thicker in the center than at the edges, and (either individu- 
ally or combinations of simple lenses in the positive form) 
they all have the power of converging light rays. All lenses 
used to form the image which is recorded with a camera are 
positive in form. 

Originally, photographic lenses were simple positive 
lenses. These simple positive lenses are used in some of the 
cheaper cameras today, but in most cases the lenses are 
composed of two or more simple lenses to obtain satisfactory 
results with modern, all color sensitive, photographic films. 

A positive lens has a CONVEX SHAPE, and when two or more 
of these lenses are combined to form a compound lens, the 
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DOUBLE - CONVEX PLANO-CONVEX CONCAVO-CONVEX 


Figure 3—-7.—Three simple positive lenses. 


modern camera lens, the simple positive lens is then correctly 
called a lens ELEMENT. The positive lenses are easily identi- 
fied by their pronounced shapes since they are thicker through 
the center than at the edges. The three most common simple 
positive lenses are shown in figure 3-7. They are the 
DOUBLE CONVEX, PLANO-CONVEX, and the CONCAVO-CONVEX, 
which is also known as the POSITIVE MENISCUS. 


The Negative Lenses 


Figure 3-3 illustrates the refraction of light rays by two 
prisms apex to apex. Now, if the prism surfaces are rounded, 
the result is a negative, divergent lens as shown in figure 3-8. 
The ray passing through the center of the lens does not bend, 
while the other rays are refracted away from the center of the 
lens. 

A negative lens is also defined as a divergent lens since it 
will not focus the rays of light passing through it. Light rays 
passing through a negative lens diverge or spread apart, as 
shown in figure 3-8. 

Figure 3-9 applies the law of refraction to one ray passing 
through a negative lens. 

Simple negative lenses are used in conjunction with simple 
positive lenses in all modern camera lenses. Their primary 
use in a lens formula is to assist in the formation of a sharper 
image by helping to climinate or subdue the various defects 
and aberrations present in an uncorrected simple positive 
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Figure 3—-8.—Refraction of light by a divergent lens. 
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Figure 3-9.—The law of refraction applied to a divergent lens. 


lens. These defects and aberrations are discussed later in 
this chapter. 

A negative lens refracts light in such a manner that the 
rays are spread out or diverged. Diverging lenses are often 
referred to as concave lenses and are readily identified by 
their concave surfaces. The simple negative lenses are 
thicker at the edges than in the center. They are called the 
DOUBLE CONCAVE, PLANO-CONCAVE, and the CONVEXO-CON- 
CAVE, which is also called the NEGATIVE MENISCUS. ' These 
negative lens forms are shown in figure 3-10. 

The negative lens forms an image, but it cannot be pro- 
jected or focused on a screen. However, it can be seen with 
the eye, which is basically a positive lens, and it can be 
photographed with the camera since the camera lens is also 
positive in form. The principal use of the negative lens, 
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DOUBLE - CONCAVE PLANO- CONCAVE CONVEXO - CONCAVE 


Figure 3-10.—Three simple negative lenses. 


when mounted alone on a camera, is for direct vision view- 
finders. The only other photographic purpose it serves is as 
an element in conjunction with positive lens elements in 
compound lenses. 


IMAGE FORMATION 


The aid that light provides in forming an image stems from 
its characteristic of traveling in a straight line. 

Images are formed in three ways: by REFLECTION as in @ 
mirror; by PROJECTION as through a pinhole; and by REFRAC- 
TION as it passes through a lens. 

Chapter 2 discussed briefly the basic principles of image 
formation. It was stated that the bending of a ray of light 
as it penetrates a different medium is called REFRACTION. 
amount of bending varies with the material through which the 
light is transmitted. Since refraction is due to a change in 
wave velocity, the degree of bending (index of refraction) is 
the ratio of the speed of light in the air to its speed in some 
other substance. 

In figure 3-11 light ray B is passing through a medium 
(water). It enters a rarer medium (air) at an oblique angle. 
It is refracted away from the normal (the broken vertical 
line), and bends closer to the line of separation between the 
air and the surface of the water. Light ray C is reflected 
from the object in the water at the CRITICAL ANGLE, and it is 
refracted so that it travels along the surface of the water. 

Ray (is refracted at an angle of 90 degrees. When the angle 
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Figure 3-11.—Refraction and total internal reflection. 


of refraction is 90 degrees, the angle of the reflected incident 
ray C’ is termed the critical angle. As the angle of the re- 
flected incident ray D is increased, the ray will be completely 
reflected internally and lost in the water. The term TOTAL 
INTERNAL REFLECTION is used to describe the way in which 
ray D has reacted to the situation shown in figure 3-11. 
The rays B and D illustrate the different effects of refraction 
and reflection on a ray of light. Notice also that the angle of 
the incident ray D is equal to the angle at which it is reflected. 

The principles of refraction, reflection, and the condition 





Figure 3-12.—Total internal refleciton by a glass prism. 
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known as total internal reflection are illustrated in figure 3-11. 
Perfect total internal reflection may be demonstrated by 
allowing light to pass through a prism (fig. 3-12), so that it 
falls on one of the short sides of the prism. The prism is a 
better mirror than a silvered plane surface because it absorbs 
no light. Since no light is absorbed by the prism, it totally 
reflects all the light. 

The line of division between reflection and refraction of 
light is an important one to establish. This is accomplished 
by determining for various substances the largest angle of 
incidence that will permit light to be refracted. This is 
known as the critical angle for the particular medium, and 
its value becomes less as the index of refraction becomes 
greater. The critical angle for diamond is only 23 degrees, 
for flint glass 36 degrees, and for water 48.5 degrees. 


The Plane Mirror Image 


The plane mirror emphasizes the law of reflection which 
states that when the incident light ray strikes the reflecting 
surface, it will rebound from that surface so that the angle of 
reflection is equal to the angle of incidence. Furthermore 
the incident ray, the reflected ray, and the normal are all on 
the same side of the mirror. How a plane mirror reflects a 
ray of light and the terms used to describe the action are 
shown in figure 3-13. 

The eye (fig. 3-14) is looking in a mirror at the vIRTUAL 
image of the arrow DA. The arrowhead A is reflecting light 
rays in all directions, but the only ray from the arrowhead 
that will be reflected to the eye is the one that strikes the 
mirror at B. However, since light travels in straight lines, 
the light from A will appear to come from (. Similarly, the 
light from D will appear to come from F. For each point of 
the arrow there is a corresponding image point behind the 
mirror and, to the eye, the hght will appear to come from the 
image point. The virtual image FC is not behind the mirror. 
It is in the mirror. But, to the eye, the ight appears to be 
reflected from behind the mirror. 

The eye (fig. 3-14) will not see the point marked A by only 
a single ray of ight. Actually, it will see a small pencil of 
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Figure 3—13.—How a plane mirror reflects a ray of light. 
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Figure 3-14.—Image formation in a plane mirror. 


rays which fills the pupil. The single ray is used because it 
is more simple and the most convenient. Figure 3-15 illus- 
trates the pencil of rays by which an eye sees a point or the 
reflection of a point. 

The eye, as stated previously, is equipped with a positive 
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Figure 3-15.—How the eye sees a point of light. 


lens. And the positive lens converges the pencil of diverging 
rays back to a point upon the eye’s retina. 

Figure 3-14 also shows why the reflected image is virtual, 
which means erect but reversed as to right and left: If the 
eye looks directly at the arrow, it will see that the arrowhead 
is on the right-hand end of the arrow. But if the eye looks 
at the image in the mirror, the head will appear to be on the 
left-hand end. Figure 3-16 illustrates the same principle. 

When a ray of light is reflected or refracted, its APPARENT 
direction seems to be the one followed by the ray just prior 
to entering the eye. It is necessary to imagine a reflected 
cone of light originating from a point behind the mirror with 
all the rays which compose this cone meeting at the same 
point. This gives the impression that the point referred to 
is on the other side of the mirror, and as far BEHIND the face 
of the mirror as the object is IN FRONT of it. But this is a 
false impression, a so-called optical illusion. The best known 
example of this 1s Alice in Wonderland, when she ‘‘went 
through” the looking glass. Of course Alice could no more 
do this than any image observed in any plane mirror could 
actually lie beyond the mirror itself. This sort of illusion is 
called a vIRTUAL IMAGE to distinguish it from the real image 
that is projected by a pinhole, or lens. 

Reviewing what has been stated previously in chapter 2 
under ‘“‘Light,’”’ the points to remember are: (1) the angle of 
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Figure 3-16.—Mirror image of the letter ‘“F."’ 


incidence is equal to the angle of reflection, and (2) the inci- 
dent ray of light, the reflected ray, and the normal all lie in 
the same plane. ~ 


The Pinhole Image 


Image formation in its simplest form is found in the 
pinhole camera. To begin with it is necessary only to re- 
member that light travels in straight lines. The camera in 
figure 3-17 is just a box with a tiny pinhole in oneend. This 
camera has formed an image of the arrow. The arrow is 
reflecting light that has fallen upon it from some luminous 
source, and each point on the arrow is reflecting light in all 
directions. One ray from each point on the arrow has 
entered the pinhole and traveled to the other end of the 
box. Since light travels in a straight line, no light will 
reach a given point on that end of the box except the ray 
that came from the corresponding point on the arrow. Then 
the rays of light that have passed through the pinhole form 
an image of the arrow on the other end of the box. 

The pinhole camera image has some advantages over an 
image formed by a lens. Some of the advantages follow: 

1. No focusing is necessary since objects at all distances 
are equally clear. 

2. The size of the image is limited only by the camera size. 
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Figure 3-1 7.—The image formed by a pinhole camera. 


3. The image is always the same shape as the object, 
which is not always true of the image formed by a lens. 
(See ‘“‘Lens Aberrations.’’) 

Some disadvantages of the pinhole camera image are as 
follows: 

1. All images of objects in a pinhole camera photograph 
are in focus, but no one image is very clear or sharply 
defined. 

2. The sharpness of the image depends upon the size of 
the pinhole. If the pinhole is too small, the light rays 
passing through are defracted or scattered, and the image 
formed is blurred. (See fig. 3-18 (A).) When, as in (B) 
of the figure, the pinhole is too large, the image becomes 
blurred because more than one ray of light from each object 
point passes through the pinhole cross section. 

It has been found that the correct size for the pinhole is 
controlled by the distance from the center of the pinhole to 
the image plane. (When the camera is equipped with a 
lens, this distance is termed FOCAL LENGTH.) However, even 
when the pinhole is the correct size the image formed is not 
very sharp. 

3. The size of the image formed by a pinhole is limited 
only by the size of the camera (distance from the pinhole to, 
the image plane), but image brightness decreases rapidly as 
the size of the image is increased. That is, if the camera 
length is doubled, the image size is also doubled, but the 
intensity of the light forming the image is reduced to one- 
fourth. And as the intensity of the light forming the image 
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Figure 3-18.—Characteristics of the images formed by different size pinholes. 
(A) Pinhole too small; (B) pinhole too large; (C) pinhole correct size. 


is decreased, the amount of time required for the exposure 
is increased. 

4. Theoretically, there is no limit to the size of the pinhole 
image—other than camera size—but actually, image illu- 
mination also decreases from the center of the image to its 
outer edges. Therefore, image brightness at any point, even 
when the pinhole is through very thin material, depends 
upon the angle between the marginal image rays and the 
camera axis. Then, the variation in intensity of image 
illumination from the center of the image plane to its edges 
will place a limit on the size of the practical image area, and 
the length of exposure places a limit upon any real practical 
application of the pinhole camera. 

MULTIPLE PINHOLES.—It has been stated that if ight was 
admitted through a single pinhole so that it strikes the rear 
wall of an otherwise light-tight box, it will produce an image 
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Figure 3-19.—Multiple pinhole images made to coincide. 


of the object from which it was reflected. Then, it is obvious 
that if there were two holes in the box, two images instead 
of one would appear. If these two images could be made to 
coincide, the result would be one image twice as bright as 
either single image alone. Now, if four pinholes were placed 
in a square around the original pinhole, and if the images 
could be superimposed one on top of. the other, the result 
would be an image many times more brilliant than the 
image from the original single pinhole. The problem with 
the camera then became how to concentrate the light, not 
from the five imaginary pinholes, but a much greater amount 
of light than they could possibly provide. 

In figure 3-19 the four additional pinhole images have been 
concentrated along with the original image by applying the 
principle of refraction. By placing a prism having surfaces 
ground to the proper angle in front of each pinhole, the light 
entering through each of the four additional pinholes has 
been refracted to form a single centralized image which, 
along with the image from the original pinhole, is potentially 
five times as brilliant as any one of the five images would be 
alone. 

APPLICATION TO PHOTOGRAPHY.—A sufficiently clear and 
intense image of the object to be pictured must be secured 
before a photograph can be made. When light strikes an 
object, a portion of it is reflected from many points on the 
subject in the form of light rays. (Remember that a ray of 
light is the smallest portion of a pencil of light.) When the 
reflected rays of light from the subject strike the photographic 
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lens, the lens bends these rays causing them to converge to a 
point upon the rear wall of the camera box, and each indi- 
vidual point on the rear wall corresponds to the original 
point on the subject from which it was reflected. These 
points are the images of the points from which the rays 
originated; and the sum of these points is a complete image 
of the subject. The lens is thus capable of duplicating, 
while at the same time actually improving many times over 
the performance of the five pinholes rigged with individual 
prisms to concentrate their light. 


Image Formation by Convergent Lenses 


In the preceding sections of this chapter you have seen 
how a mirror reflects an image, how a pinhole forms an image, 
how a prism refracts rays of light, and how a convergent lens 
bends incident light rays from an object point to form an 
image point. The purpose of this section is to show how a 
convergent lens forms the complete image of an object. 

A system could be devised to concentrate light for photo- 
graphic use whereby many prisms would be fitted into some 
arrangement around a central poimt, each one refracting 
light from a single pinhole to a point of focus inside the 
camera box. This would be an extension of the five-pinhole 
pattern already described. Such an arrangement, however, 
would be difficult to keep in adjustment. Therefore, the 
single round piece of glass ground to form a lens is a tre- 
mendous improvement. It increases the brightness of the 
image many times, improves the sharpness, and controls the 
image size at specific distances. 

Since the lens is the light gathering device for the camera, 
the photographer should understand the laws concerning it 
and its function. A thorough knowledge of the lens enables 
the photographer to use advantageously the principles that 
lend themselves to the subject and at the same time subdue 
or overcome to some degree its defects. To more clearly 
describe the action of the lens, its principle will be approached 
again from the basic viewpoint. 

PRINCIPAL PLANES.—The broken vertical line through the 
lens in figure 3-20 represents the PRINCIPAL PLANE Of the lens. 
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Figure 3-20.—The principal planes of a convergent lens. 


The principal plane may also be called the longitudinal axis 
of the lens. Actually, a lens has two principal planes, but 
in the thin lens these planes are very close together and are 
usually illustrated with a single line. 

You know that when a ray of light enters the lens it bends 
toward the normal, and when it leaves the lens it bends away 
from the normal. But the direction the ray travels after it 
leaves the lens is the same as if all the bending had taken 
place at the principal plane as shown im figure 3-21. Then 
in all illustrations showing image formation by a simple lens, 
‘the light ray is drawn as if all refraction was at the principal 
plane. 

OpticaL Ax1s.—An extended line passing through the lens 





Figure 3—-21.—Refraction of a light ray by a convergent lens. 
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perpendicular to the principal plane and normal to both 
surfaces is called the opTicaL axis. The center ray in most 
optical diagrams is traveling along the optical axis. Light 
rays pass through the lens at this point without bending. 
(See fig. 3-20.) This is the only spot where light rays can 
pass through the lens without refraction. 

OpTicaL CENTER.—The optical center of a lens is an easily 
understood term which refers to the exact center of a biconvex 
lens. Itis here that the true axis of this lens and its principal 
plane intersect as shown in figure 3-20. The exact location 
of the optical center in compound lenses differs in each type 
and is usually known only to the maker. However, for most 
compound lenses this point is considered to be at or very 
near the point where the adjustable opening is located. 

Any ray passing through the optical center of the lens, at 
an angle to the optical axis, will be refracted at each lens 
surface. But the two refractions will be equal and they will 
be in opposite directions. Thus, the total deviation for such 
a ray is zero as shown in figure 3-22. The path of this ray 
through the lens is usually illustrated with a straight line 
like the solid line in figure 3-22. How the ray actually 
travels through the lens is shown by the broken line which 
begins and ends at the same points as does the solid line. 

POINT OF PRINCIPAL Focus.—Light rays reflected from an 
object at a great distance are considered to be parallel. The 
term INFINITY RAYS is used when referring to parallel light 
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Figure 3-22.—Light ray passing through the optical center at an angle to 
the lens axis. 
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Figure 3-23.—The point of principal focus. 


rays. Inrinity can be defined as that distance at which 
parallel lines appear to converge. For example, when look- 
ing down a long straight section of railroad track, the two 
parallel rails appear to converge at a point in the distance. 
Then an object at that distance is said to be at infinity. 
And when the image of an object at a comparable distance 
is sharply focused by a lens, the position of the lens in relation 
to the image is described as being FOCUSED AT INFINITY. 
(See fig. 3-23; and also ‘‘Focusing”’ in ch. 4.) 

Parallel light rays that fall upon one surface of a positive, 
convergent lens will bend and converge to a point on the 
opposite side. The point where parallel rays are caused to 
. Meet is termed the POINT OF PRINCIPAL FOCUS, which is 
illustrated in figure 3-23. 

The point of principal focus is the nearest possible distance 
that a given lens will refract light rays to a sharp focus. 
The distance between the optical center of the lens and the 
plane upon which it sharply focuses parallel light rays, or 
infinity rays, is termed the FocaL LENGTH. (See fig. 3-23; 
and also ‘Focal Length.’’) The focal length of lenses is an 
inherent factor which is controlled by the thickness of the 
lens and the curvatures of its surfaces. Hence, a lens 
focused on an object at infinity will refract the parallel rays 
to image poits and the image of the object will be formed at 
a distance of one focal length from the lens as shown in 
figure 3-23. 

The broken vertical line passing through the optical axis 
of the lens at the point of principal focus in (A) of figure 
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Figure 3-24.—(A) The principal focal plane, (B) the focal plane. 


3-24 indicates the position of the PRINCIPAL FOCAL PLANE. 
This plane is parallel to the lens’ principal plane and per- 
pendicular to the lens axis. This is the plane where a lens 
forms the image of an object which is at infinity. 

The principal focal plane of a lens is not necessarily the 
photographic FOCAL PLANE of acamera. An image is formed 
upon the principal focal plane when the lens is focused on 
an object at infinity as in (A) of figure 3-24. The focal 
plane is the movable plane of a camera upon which the 
film is placed to record the sharply focused images of objects 
nearer than infinity. (See fig. 3-24 (B).) However, the 
principal focal plane and the focal plane do become the same 
plane when, but only when, the camera lens is focused on 
an object at infinity. For example, to record a sharply 
focused image of an object at infinity: The camera’s focal 
plane must be moved to a distance of one focal length from 
the lens; and in this case the camera focal plane occupies 
the lens’ principal focal plane position. If the lens is 
focused on an object nearer than infinity, all images of 
objects at infinity become the blurred, out of focus, back- 
ground. Then, the term focal plane correctly describes the 
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camera’s movable plane where images are recorded of 
objects which are nearer than infinity. Nevertheless, THE 
POSITION OCCUPIED BY THE FILM IN A CAMERA IS CORRECTLY 
TERMED THE FOCAL PLANE REGARDLESS OF THE DISTANCE 
WHICH MAY BE BETWEEN THE LENS AND THE FILM. 

FORMATION OF THE COMPLETE IMAGE.—Keep in mind how 
the convergent lens refracts a ray of light that is parallel to 
its axis (fig. 3-21), how a convergent lens refracts a ray of 
light passing through its optical center at an angle to the 
lens axis (fig. 3~22), and how the convergent lens forms an 
image point of an object point. (See fig. 3-26.) Then 
consider figure 3-25, in which the arrow reflects light rays 
in all directions from its surface. Some of the rays from 
the arrowhead at A strike the full surface of the lens and 
is brought to a point of focus at A’. Similarly, the rays 
from B come to a focus at B’, and form the tail of the arrow. 
Image point A’ is formed where the two diverging rays 
from point A converge. Likewise, B’ is formed by the 
diverging rays from B. The coupled or paired rays which 
form image points A’ and B’ are termed CONJUGATE points 
of A and B. Between the conjugate points A’ and B’ there 
is an unlimited number of coupled rays, conjugate points, 
which form the complete image of the arrow AB. 

The arrow is in a plane normal to the axis of the lens 
(parallel to the lens principal plane), and its image also lies 
in a plane normal to the lens axis (parallel te the focal 
plane) on the opposite side of the lens. 

Due to the constantly changing angles at which parallel 
light rays enter and emerge from the lens, these rays con- 
verge, or meet, at or near the same point ad are said to be 
focused. Light rays from almost any distance can be 
brought to a focus by a lens, but the position of the image 
points will vary with the distance of the object points from 
the lens. The rays from the most distant object point will 
come to a focus nearer the lens than all object points between 
the distant point and the lens as shown in figure 3-26. 

_ The convergent, positive lens refracts the primary rays 
and the secondary rays reflected from an object, and forms 
an image where these rays converge. The image is formed 
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Figure 3—25.—Formation of an image by a lens. 
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Figure 3-26.—Image point positions of object points at various distances. 


on the opposite side of the lens from the object. This 
image is reversed, inverted, and real, since it can be focused 
on a screen or ground glass.. The size of the real image can 
be controlled with a given lens because its size varies in 
proportion to the object size and object distance. The 
various image sizes and image positions possible with a given 
convergent lens are as follows: 

1. The image of an object at infinity will be the smallest 
possible for that object and it will be formed upon the 
principal focal plane which is at a distance of one focal 
length behind the lens. (See fig. 3-27 (A).) 
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Figure 3-27.—Object image positions with convergent lenses. 


2. When the object approaches the lens, or the lens is 
moved toward the object, the image moves away from the 
lens and becomes larger. With the object at a distance 
greater than twice the focal length, but nearer than infinity, 
the image formed will be real, inverted, reversed, and smaller 
than the object. (See fig. 3-25.) 

3. If the lens is moved to a distance equal to two focal 
lengths from the object, the image will recede to an equal 
distance from the lens and becomes life-size, or as large as 
the object. 

4. As the lens is moved toward the obieet the image 
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Figure 3—28.—Virtual image formed by a convergent lens. 


recedes to a constantly increasing distance from the lens, 
and when the object is at a distance of one focal length 
from the lens, the image formed is at infinity. (See fig. 
3-27 (B).) 

5. If the object is moved to less than the distance of one 
focal length from the lens, the image formed is virtual, on 
the same side of the lens as the object, and much larger 
than the object. How the virtual image is formed is shown 
in figure 3-27 (C), and the object image sizes are shown in 
figure 3-28. 

A magnifying glass has several names, but it is just a 
simple positive lens. If its focal length is five inches or more, 
it is usually called a reading glass or a burning glass. Whena 
reading glass is used to magnify a printed page, the conver- 
gent lens is used to form an enlarged virtual image of the 
printed page. The term VIRTUAL IMAGE was described under 
“Tmage Formation” by the PLAIN MIRROR. 

If a reading glass, or simple positive lens, is placed in con- 
tact with a printed page, the eye will see a virtual, normal, 
erect, and a very slightly enlarged image. As the lens is 
moved away from the page, toward the eyes, the image 
becomes larger and larger. Then when a convergent lens is 
very near the object, the image is near the lens and fairly 
small, but as the lens-to-object distance is increased slightly, 
the image distance increases and the image becomes larger. 
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Nevertheless, if the lens is moved still farther away from the 
printed page and toward the eyes, the virtual image will 
disappear, because the image is then real, on the same side of 
the lens as the eyes, and a great distance from the lens. The 
real image can be seen if it is made to move nearer the lens. 
This can be accomplished by moving the lens farther from 
the printed page. 


Image Formation by Divergent Lenses 


If the procedure outlined above for the convergent lens is 
repeated using a divergent lens, the results will be very 
different. When the divergent lens is placed in contact with 
the printed page, the eyes see an image that is erect and nor- 
mal, but smaller than the object. And as the lens is moved 
toward the eyes and away from the printed page, the meee 
becomes smaller and smaller. 

How parallel light rays are caused. to diverge by the 
divergent lenses was discussed under ‘‘Negative Lenses.’’ 
(See fig. 3-29.) 
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Figure 3-29.—Divergence of parallel rays by a divergent lens. 


When looking through a divergent lens the parallel rays 
appear to diverge from a point. The point from which the 
parallel rays appear to diverge is the point of principal focus, 
sometimes called the principal focal point. The distance 
between the point of principal focus and the lens principal 
plane is the focal length. (See fig. 3-30.) 

The virtual-image formed by a divergent lens is formed 
where the secondary light rays and the projected primary 
rays from an object point meet in front of the lens as shown 
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Figure 3-30.—Focal length of a divergent lens. 





Figure 3-31.—Image formation by a divergent lens. 


in figure 3-31. A secondary light ray is a reflected ray from 
an object point which travels through the optical center of 
the lens at an angle to thelensaxis. (Seeray AOC, fig. 3-31.) 
The refraction and projection of a primary ray is shown by 
rays AA’ and BB’ of figure 3-31. 

The virtual image formed by a divergent lens is erect, 
smaller than the object, and always in focus regardless of the 
object distance or the distance of the positive lens used to 
view it. The size of the virtual image formed by the diver- 
gent lens as compared to object size is shown in figure 3-32. 

Three simple forms of divergent, negative lenses are shown 
in figure 3-10. Since these lenses are unable to produce 
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Figure 3-32.—Virtuval image formed by a divergent lens. 


real images, they are never used alone, but are important in 
the manufacture of eye glasses for nearsighted people, field 
glasses, and in the complex combinations of simple lenses in 
the better photographic objectives, or camera lenses. 


Image Positions 


Images have been discussed and a distinction has been 
made between real and virtual images. However, there is an 
easy test to distinguish between the two. Hold a piece of 
ground glass, or a sheet of white paper, where the image has 
been formed. If the image is visible on the ground glass or 
on the paper, itis REAL. If the image can be seen, but cannot 
be made to form on the glass or paper, the image is VIRTUAL. 
Projection through a positive lens or a pinhole forms real 
images, while mirrors and negative lenses form virtual 
images. 

In considering images and image positions, the above 
paragraph describes one of the three problems involved. 
The other two distinguish between erect and inverted posi- 
tions, and normal or reverted positions. Figure 3-33 demon- 
strates the possible image positions. 

The correct position, or point of view, from which an image 
should be described is looking toward the lens or mirror 
that forms the image. However, if it is to be a comparison 
of the image with the object itself, the proper viewpoint 


92 


(A) (B) (C) (0) 
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ERECT ERECT INVERTED INVERTED 
Figure 3—33.—Possible image positions of the letter 'F’’. 


would be facing the object from a position alongside the lens, 
mirror, or the image. 

An image viewed in a plane mirror is erect and reverted. 
(Reverted means backwards.) The camera image is real, 
inverted, but normal. (Normal means not reverted.) 


LENS CHARACTERISTICS 


The optical term LENs is applied to a piece of glass which is 
bound by two spherical surfaces or a plane and a spherical 
surface. It is also commonly used when referring to a 
PHOTOGRAPHIC OBJECTIVE. The term photographic objective 
indicates that several simple lenses have been combined as 
elements in an optical instrument which is used to form a 
real image of an object. 

The lens has many principles which are peculiar to photog- 
raphy. Each of these principles or optical laws has been 
named. If the photographer wishes to make the best use of 
the lens, he should be thoroughly acquainted with these 
principles and terms. Consequently, a discussion follows 
on each of the terms considered to be of the most basic 
importance. 


Focal Length 


The image formed by a lens is sharp on the focusing screen 
at the point where the marginal rays and those passing 
through along its optical axis meet. And if these incident 
rays are parallel when they reach the lens, they will converge 
or come into focus at a distance of one focal length behind 
the lens. THE FOCAL LENGTH OF A LENS IS EQUAL TO THE 
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DISTANCE FROM ITS OPTICAL CENTER TO THE CAMERA FOCAL 
PLANE WHEN IT IS FOCUSED UPON AN OBJECT AT INFINITY. 
(See point of principal focus and principal focal plane as 
discussed previously in this chapter.) The focal length of a 
lens is an inherent factor that cannot be changed. This 
factor is determined by the formation and curvature of a 
lens. Focal length is frequently employed to indicate the 
size of a lens. Thus, a lens labeled as an 8-inch lens (F. L. 
8 in.) indicates that when it is focused on a point at infinity 
the distance from its optical center to the focal plane is 8 
inches; and that a distance of 8 inches is the nearest distance 
at which such a lens will sharply focus an image. 

The focal length of a compound lens is often referred to as 
EQUIVALENT FOCAL LENGTH. This means that the focal 
length of the modern lens is being compared to the focal 
length of a simple thin lens which would give an image the 
same size. 

When a lens is used in a camera, it must be placed at a 
certain distance from the focal plane to obtain a sharp 
image. And, as shown previously, this distance is actually 
controlled by the focal length of the lens and the lens-to- 
object distance. Hence, with a given object size and a given 
object distance, the lens focal length determines the size of 
the image. That is, the longer the focal length of the lens 
the larger the image, and the shorter the focal length of the 
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Figure 3-34.—Effect of focal length on image size. 
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lens the smaller the image. The effect that focal length has 
upon image size is illustrated in figure 3-34. 

Figure 3-34 shows that when two cameras having two 
different focal lengths are placed at an equal distance from 
an object, the images formed will have different dimensions. 
Then at any given distance the lens focal length controls the 
image size. The lens with a focal length of 12 inches forms 
a smaller image than the lens with a focal length of 24 inches. 
In fact, the image formed by the 24-inch lens is twice as 
large as the image formed by the 12-inch lens. 


The Aperture 


The opening in the lens that passes the light beam which 
forms the image upon the focal plane is termed the APERTURE. 
This opening does not necessarily correspond with the 
diameter of the lens. Figure 3-35 depicts the aperture of an 
imaginary lens as compared to its actual diameter. 

It can be readily seen from figure 3-35 that the beam of 
light having a diameter of BB’ is converged by the first lens 
and passes through the aperture between CC’ to the second 
lens DD’ which brings it to a focus at EZ, while at the same 
time the light rays OO’ are prevented from passing through 
the lens by thestop CC’. Thenit should be easily understood 
how the stop CC’ limits the size of the opening through which 
the light passes, not the diameter of the lens which is bound 
by the barrel AA’. The front lens gathers the light and 
converges the beam through the opening at CC’. Then the 
EFFECTIVE APERTURE Is the diameter of the beam at BB’. 
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Figure 3-35.—The aperture of a lens. 
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How the aperture of a lens is controlled, how the aperture 
affects image brightness, and how the effective aperture is 
determined and rated are discussed in chapter 4 under ‘‘The 
Diaphragm,” and ‘‘The f/value of the Lens.”’ 


The Field of a Lens 


The beam of light passing through a lens is cone-shaped 
(due to refraction). The large end of the cone spreads over 
a circular area at the focal plane. The usable portion of this 
lighted circle is the FIELD OF THE LENS. (See fig. 3-36.) 
Two lines drawn from the lens to opposite ends of any 
diameter of this field will form the ANGLE oF FIELD of that 
lens. Likewise, lines may be drawn from the lens to opposite 
ends of the focal plane, and the angle formed is the ANGLE 
oF vIEW. The field of a lens, the angle of field, and the 
angle of view are all clearly illustrated in figure 3-36. 
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Figure 3-36.—The field of a lens. 


By observing figure 3-37, it is apparent that the ANGLE oF 
VIEW is a flexible term governed by the size of the focal plane 
used and its position in the field of the lens. If the focal 
plane is moved too far aside from the axis of the lens, part of 
it might lie outside the angle of field. In this case, the 
portion of the focal plane which is outside the field would 
receive no image. The remaining section of the focal plane 
would cover a very narrow angle of view. Moving the focal 
plane to different positions in the field of a lens will be 
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Figure 3-37.—Angle of view. 


encountered frequently when using the rising and falling 
front and the lateral-shift front on the view cameras. 

No lens produces a usable image over its entire field. The 
image formed around the edges of the field is always blurred. 
This blurring is true to a greater extent with some lenses 
than with others. Nevertheless, the angle of view of a lens 
is always a smaller area within the field of a lens and never 
as large as the field of the lens. 

If a lens is placed on a camera much larger than the size 
for which it was constructed and focused on an open scene, 
only a circular portion of the focusing screen will be illumin- 
ated. By observing the circle closely it will also be seen 
that the image is blurred and indistinct toward the margins. 
Therefore, the USEFUL FIELD or the CIRCLE OF GOOD DEFINI- 
TION is a circle having a smaller diameter which is within the 
CIRCLE OF ILLUMINATION. The useful field of a lens is the 
ANGLE OF FIELD where the image is sharply focused. 


Ilumination 


The complete circle of light produced by a lens is the circle 
ofillumination. (See fig. 3-36.) The strength, or intensity, 
of this light is not uniform over the complete area of the 
circle. It is strongest in the center of the circle, and de- 
creases in intensity toward the margins. This variation in 
brightness at various points on each side of the axis is 
partially due to the distance the light must travel. That 
is, the distance from the lens to the outer edges of this circle 
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is much greater than the distance from the lens to the center 
of this circle. Therefore, as the distance increases, the 
intensity of the light decreases. 

The edges of the lens system also limits the width of the 
light beam that can pass through the lens at an angle to its 
axis. Furthermore, the lens’ circular aperture actually 
presents a smaller area for the passage of all oblique rays. 
Figure 3-38 shows an imaginary lens consisting of two 
components with a stop between them. 

By looking at figure 3-38, it can be seen that the lens 
and its aperture presents an elliptical or egg-shaped area to 
all beams of light which fall upon the lens system at an 
angle to its axis. Light beam A enters the lens and comes 
to a focus at A’. Beam A is the axial beam which is the 
largest beam this lens will accommodate. All other beams 
that fall incident upon the same area of the lens are oblique 
beams and all oblique beams will be narrower than beam A. 
Then, beam B is smaller than’. beam A. This is because the 
width of beam B is measured by the perpendicular distance 
between its sides, and this perpendicular must be shorter 
than the diameter of the same lens area utilized by the axial 
beam A. Light beam B is refracted by the first component 
of the lens, and the stop, which limits the size of the aper- 
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Figure 3-38.—Nonuniform illumination. 
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ture, prevents a portion of beam B from passing through to 
the focus point C’. The only part of beam B that comes 
to a focus at C’ is the smaller section -designated by C. 
Therefore, less light falls on the focus point C’ than on the 
axial focus point A’. This explains another factor which 
causes a variation in the brightness towards the edges of 
the circle illuminated by a lens. 

This difference in strength is small when using NARROW 
ANGLE and MEDIUM ANGLE lenses. But the extreme WIDE 
ANGLE lenses, as a result of the light falling off in brightness, 
will produce a negative which is very uneven in density. 
Therefore, some parts of the subject are recorded poorly. 

This defect (variation of illumination) may be controlled 
to some degree, when no other method is available, by giving 
sufficient exposure to correctly record the weakly-lighted 
margins and then developing the image so the central 
portion will not be too dense. 


LENS ABERRATIONS 


In a previous discussion on image formation by the con- 
vergent lenses, it was necessary to assume the single con- 
vergent lens would cause diverging light rays from a point 
to converge and meet again at a point behind the lens. 
This assumption, however, is not completely correct, since 
the behavior of light prevents, in several ways, the single 
simple lens from forming a sharp image of a point. The 
ways in which the behavior of light affects image formation 
by a lens are termed ABERRATIONS. 

In some books these aberrations are called lens DEFECTs. 
But it should be understood that’ these aberrations, or 
defects, are not the results of the manufacturer’s careless- 
ness. They are caused by the behavior of light and a few 
of them are present to some degree in the better modern 
lenses. | 

A compound lens may, for various reasons, develop an 
aberration which is common to a simple thin lens. There- 
fore, the cameraman should learn something of these aberra- 
tions: how to identify them; and, when possible, how to 
correct or subdue them. 
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Figure 3—39.—Chromatic aberration. 


Chromatic Aberration 


The inability of a simple lens to bring the different wave- 
lengths (colors) of white light to a focus on the same plane 
is termed CHROMATIC ABERRATION. When rays of white 
light pass through a prism, they are separated into their 
different colors. Then these different colors, or different 
wavelengths, intersect the baseline at different points. 
Figure 3-2 illustrated this effect. Similarly, the same 
situation prevails when a simple lens is used. This is 
effectively shown in figure 3-39. 

Figure 3-39 shows that the violet light is refracted more 
than the red light; that the violet light comes to a focus 
nearer the lens than the red light; and that all other colors 
are distributed between the violet and red colors. 

This difficulty cannot be overcome in a simple lens, but 
it may be reduced by using a smaller aperture. A correction 
for this aberration is made when the compound lens is con- 
structed by placing a simple negative lens in optical contact 
with a simple positive lens. Then, in this positive combina- 
tion, the shorter wavelengths are not refracted so sharply, 
and the longer wavelengths are refracted more sharply 
bringing the blue, red, and the other colors between them 
to a focus nearer the same plane. (Refer to “The Single 
Achromatic Lens.’’) 


Spherical Aberration 


When parallel marginal and axial rays passing through 
a simple lens focus at different planes along the optical axis, 
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Figure 3—40.—Spherical aberration. 


the lens is said to have SPHERICAL ABERRATION. (See fig. 
3-40.) This is an inherent aberration in a simple lens 
having spherical surfaces. It results in poor central defini- 
tion causing the lens to produce fuzzy images. 

If the focal plane is placed to focus the rays close to the 
optical axis of the lens, the central image area will be sharp, 
while the outer regions of the image will be blurred. On 
the other hand, if the focal plane is located to focus the 
marginal rays which strike the outer edges of the lens, the 
central image area will be blurred. 

To eliminate this aberration, simple positive and negative 
lenses are combined in a lens system, and the size of the 
aperture is reduced. 

A divergent lens also has spherical aberration, but in the 
opposite direction. The outer rays passing through this lens 
diverge more sharply than the central rays as shown in 
figure 3-41. Thus, in the compound lens system, the 
spherical aberration of the divergent lens tends to cancel 
the spherical aberration of the convergent lens, but not 
completely, because if it is entirely cancelled, the correction 
for chromatic aberration will be destroyed. The lens 
designer must correct spherical aberration of the lens system 
as a whole. The aberrations in one element of the system 
will cancel those in another part. The designer can accom- 
plish this by carefully calculating suitable curvatures for 


101 





Figure 3—41.—Spherical aberration in a divergent lens. 


each refracting surface, and by adjusting the thickness of 
each lens and the separation between lenses. 

Spherical aberration may also be reduced by using a 
circular stop near the lens to limit the size of the. aperture. 
The stop will prevent the marginal rays from passing through 
the lens. Then only the central portion of the lens will form 
the image. Reducing the size of the aperture. however. alsn 
reduces the brightness of the image. 





Figure 3—42.—Coma coupled with spherical aberration. 
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Coma 


The aberration known as coma produces a pear-shaped 
image of a small circle or point near the edges of the image 
plane. It affects light rays of strong intensity that pass 
through the edges of the lens at an angle to the optical axis 
as shown in figure 3-42. Rays from different positions of the 
object point or circle come to a focus in approximately the 
same plane, but fall at different distances from the lens’ axis 
instead of being superimposed. 

Coma, which produces a pear-shaped image of a point as 





(B) 
Figure 3-43.—Coma. 
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shown in figure 3-43, is very seldom observed in its pure 
form because it is a phase of spherical aberration. Part (A) 
of figure 3-43 shows how coma is formed, and part (B) shows 
what coma actually looks like in the image. 

To correct or minimize coma in a compound lens, positive 
and negative elements of varying radii of curvature are 
combined in a lens system, and the size of the aperture is 
reduced. As yet no lens has been made that is free of all 
coma and spherical aberration. The designer must make 
some compromise between the two, and a residual called 
zonal aberration remains. Somewhere on the image plane a 
circle around the optical axis will appear; and the parts of 
the image that fall on this circle will not be as sharply defined 
as in the fully corrected sections. The task of the designer 
is to make this circle as narrow as possible. 


Astigmatism 


The inability of a lens to project a sharply focused image of 
both vertical and horizontal lines upon the same plane, at one 
lens-to-image distance, is termed astiGgMATISM. When this 
aberration is present, the lens seemingly has two focal lengths: 
one for horizontal lines, and another for vertical lines, espe- 
cially wl.en these lines are near the margins of the image area. 
Figure 3-44 illustrates these different positions of focus. 

A small cross has been placed to the left of the optical axis 
in figure 3-44. The horizontal line of the cross is in focus at 
one point, whereas the vertical line is out of focus. The 
vertical line can be brought into focus by moving the focal 
plane to a greater distance from the lens, but then the hori- 
zontal line will be out of focus. Now, if the focus is adjusted 
between the horizontal and vertical focuses, the image of the 
cross will be blurred, but the lens forms the best image of the 
whole cross at this distance. The broken vertical line in 
figure 3-44 represents the approximate position of the focal 
plane after the focus has been adjusted. 

Like several other aberrations, after the focus has been 
adjusted, the blur in the image can be reduced by using a 
smaller aperture. Then only the center portion of the lens 
is used in the formation of the imaged cross. 
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Figure 3-44.—Astigmatism. 


In the modern ANASTIGMAT LENSES the separation between 
the focus for horizontal and vertical lines is very small. 
Lenses corrected for astigmatism are termed anastigmatic. 
Anastigmat lenses are corrected for all other lens aberrations. 


Curvature of Field 


A simple lens produces a curved, concave, or saucer-shaped 
image of an object which has a flat surface. This difficulty 
is termed CURVATURE OF FIELD. Figure 3-45 shows how 
curvature of field affects image formation. 

When the lens’ image field is curved, it cannot form a sharp 
image at all places on the focal plane. Hence, the edges of 
the image field will be blurred when the center is focused for 
good definition. Conversely, the center will be out of focus 
when the edges are sharp. The usual compromise with such 
lenses is to focus midway between the two extremes and 
reduce the size of the aperture. 

The simple lens will not form a sharp image on a flat 
surface such as the camera’s focal plane. Furthermore, lenses 
of this type must be used at a rather small aperture after the 
focus has been adjusted for the best image, otherwise the 
image is not sufficiently sharp. The designer, therefore, must 
design a lens that will form a sharp image on the flat focal 
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plane. This is accomplished by forming a lens of the more 
complex type which combines positive and negative lenses 
of varying radii of curvature. When the lens has been 
corrected for this aberration during manufacture, it is said to 
have a flat field. 

Curvature of field is more apparent in lenses which have a 
wide angle of view, but the best. modern lenses have a notice- 
able degree of this aberration when they are used at large 
apertures. 


Distortion 


The other aberrations discussed in this chapter affect the 
sharpness of the image. But the image formed by alensona 
flat surface can be acceptably sharp and still suffer from 
various kinds of distortion. Much of the particularly notice- 
able distortion, however, is of the apparent variety rather 
than real. Apparent distortion is the result of several 
related factors, which are explained in chapter 4 under 
“Perspective.” Therefore, the discussion here will be limited 
to a real kind of distortion termed CURVILINEAR DISTORTION. 

This error in a lens causes STRAIGHT LINES IN THE SUBJECT 
to be REPRODUCED AS CURVED LINES IN THE IMAGE. When 
curvilinear distortion is present in a lens, it is particularly 
prominent in that portion of the image formed near the 
margins of the field of the lens. Hence, curvilinear distortion 
may be defined as a lens’ inability to produce the same 
enlargement in the image formed by the edges of the lens as 
in that part formed by the center of the lens. 

There are two tvpes of curvilinear distortion as discussed 
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Figure 3-46.—Curviljnear distortion. 


below and as shown in figure 3-46. Some texts refer to both 
types as curvilinear distortion, which means the incorrect 
rendering in the image of straight lines in the subject. 

Figure 3-46 (A) shows BARREL DISTORTION, so called be- 
cause the lines near the margins of the image curve outward 
like the sides of a barrel. Distortion in a simple lens has this 
appearance when the stop, or aperture, is placed in front of 
the lens. 

Figure 3-46 (B) illustrates PINCUSHION DISTORTION, since 
the lines curve inward like the sides of a stuffed pincushion. 
Placing the aperture behind the lens (between the lens and 
the image) will cause this effect. 

A single thin lens, uncorrected for spherical aberration, will 
form a undistorted image. But if a stop is placed on its axis 
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to reduce spherical aberration, distortion is the result. When 
the stop is placed in front of the lens, it will exhibit itself by 
the tendency of straight lines in the subject to appear bowed. 
outward in the image. And if the stop is placed behind the 
lens, it exhibits itself by the tendency of the subject’s straight 
lines to curve inward toward the center of the image. 

The obvious correction for this aberration is a multi- 
element lens which has the stop placed between them. This 
lens will require a mininum of two simple lenses, the proper 
balancing of opposing front and rear elements, and that the 
stop be placed between these units in the approximate 
physical center of the lens. 


Flare 


A good lens must be corrected for the aberrations that have 
been described. But these corrections alone are not sufficient. 
Since in addition to the light that produces the image, there 
is usually some stray, or unwanted, light from several sources 
which also falls upon the image plane. This stray light is 
termed FLARE. Flare arises from several causes but the most 
common types may be classified as either OPTICAL FLARE OF 
MECHANICAL FLARE. 

Optical flare is the result of double reflections from imner 
lens surfaces. These reflections are illustrated by the broken 
lines im figure 3-47. | 

Flare exhibits itself as a misty haze, or a cloudy semi- 
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Figure 3-47.—Oprtical flare. 
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circular patch of light, which may cover part or all of the 
image. As the light passes through the glass-air surfaces of 
the lens, some of it is reflected back from each surface. A 
portion of this reflected light is reflected again and travels 
back toward the image plane. This doubly reflected light 
may form an image, called a GHosT IMAGE, which will usually 
be out of focus on the focal plane. But these images may be 
formed anywhere between the lens and the focal plane. 
Furthermore, ghost images are governed by the same laws 
that govern other out-of-focus images, and the smaller the 
aperture the sharper the image. Then, the secondary or 
ghost images may be in focus; if so, two images having 
different sizes will be visible on the image plane. 

Under normal conditions the amount of scattered light is 
not sufficient to do much damage. However, if there is a 
light, or a bright object, within the field of the lens which 
reflects.an intense spot of light, the effects of stray light often 
become very objectionable. For example, if the light source 
is not at the proper angle when photographing a subject 
through glass, rays of strong intensity will be reflected into 
the lens. This type of reflection is sometimes referred to as 
SUBJECT FLARE. 

The reflection of light from lens surfaces has been mini- 
mized in modern lenses by the use of antireflection coatings. 
The first of these low-reflection coatings were fragile, but 
now they are made tough enough to withstand all ordinary 
cleaning. However, these coatings are a remedial measure 
and do not entirely remove surface reflections. Modern 
lenses are designed so that ghost images are not troublesome 
without the special coatings. However, the special coatings 
are added to produce optimum results. 

When flare appears as a small pear-shaped bright spot it is 
called coma. It is caused by spherical aberration in the very 
brilliant oblique pencils of light. All lenses are subject to 
this difficulty. It may be reduced by keeping lens surfaces 
clean, and by preventing stray light of strong intensity from 
falling upon the lens. This can be accomplished by using a 
lens shade or some object arranged so its shadow covers the 
lens when the exposure is made. 
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REFLECTION FROM LENS MOUNT 











Figure 3-48.—Reflections from lens mount. 


Mechanical flare is the result of reflections from worn shiny 
parts of the lens such as the stop, shutter, lens mount, or 
from inside the camera itself. Reflected light from these 
sources will not form ghost images. But these bright spots 
reflect intense pencils of light upon the image plane, and they 
will produce bright distorted areas in a photograph. Figure 
3-48 shows how light may be reflected from inside a lens 
mount and how this defect can be corrected. 

Mechanical flare can be avoided by placing stops inside 
the lens barrel between lens components, by keeping all 
inner surfaces of the lens barrel, the stop, and shiny spots 
inside the camera well blackened, and by using smaller 
apertures. 


TYPES OF PHOTOGRAPHIC LENSES 


There are, as stated previously, two broad divisions of 
simple lenses: the convergent or positive, which is thicker 
in the middle; and the divergent or negative, which is thicker 
at the edges. The positive lenses are converging and are 
called convex, while the negative lenses are diverging and 
are referred to as CONCAVE. (See figs. 3-7 and 3-10.) 
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Positive lenses, either singly or in combination, have the 
power of converging light rays. All lenses used in cameras 
are of this form. Negative lenses spread the light rays. 
They are capable of forming a greatly reduced image on 
their surfaces and consequently are used as direct vision 
viewfinders. 


How Compound Lenses Are Formed 


The modern lens is constructed by using the simple lenses 
in various combinations. When two simple lenses are 
properly combined, one will aid in reducing the aberrations 
in the other. Simple lenses are combined in the compound 
lens. Thus, each of the simple lenses then become ONE 
ELEMENT of the compound lens. 

Scientists, who specialize in optics and lens design, had 
hoped to produce a lens that would approach the perfection 
of the human eye, which is infinitely superior to their finest 
achievements. To duplicate the ability of the eye has been 
proven theoretically impossible, but a search for improve- 
ment is being constantly conducted in laboratories all over 
the world. The double convex lens has many aberrations 
which must be overcome if a true likeness of the subject is 
to be reproduced. 

LENS QuaLity.—There are no perfect lenses. The best 
modern lens is merely a compromise of all the aberrations 
common to a simple lens. The photographic objectives 
commonly used today are moderately well corrected but not 
completely free from any particular one aberration. Never- 
theless, for general photographic purposes they serve well. 

Assuming the manufacturing and grinding are done in 
accordance with the standards of the design, the quality of 
a lens is dependent upon two things—the quality of the 
optical glass and the design of the lens. 

Optical glass is made from materials of high purity and by 
exacting processes. The heating, mixing, and cooling of one 
batch often requires weeks. And in spite of the rigid con- 
trols, the greater part of a finished batch is often discarded. 

After the glass has cooled and hardened, the outer layers 
of poor quality glass are chipped away. The remaining 
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glass, from the center of the batch, is remelted and cast by 
molds which conform approximately to the shape of the 
finished elements. 

These rough blanks are cooled and hardened again by a 
controlled process, and then ground to their proper contours. 
Both the grinding and polishing is done very carefully by 
continually checking the contours, especially during the last 
stages. Each finished lens is carefully tested for accuracy. 

Lens pEsIGN.—AIl modern lenses are made from various 
formulas. In the field of optics the formula for a lens con- 
cerns the type of glass for each lens element, the curvature 
of their surfaces, the placement of the elements in relation 
to each other, the airspaces between elements, and the posi- 
tion at which the stop, or aperture, is placed. Some of the 
elements may be placed in optical contact with others, or 
mathematically computed airspaces may be left between 
them, depending on the ultimate use of that lens and the 
corrections desired in the various aberrations. 

Because of the aberrations in simple lenses, they are 
inadequate for the more exacting uses demanded of the 
camera lens. Hence, various basic forms were tried in 
combinations. Figure 3-49 shows three compound lenses. 
If the facing surfaces of two simple lenses have the same 
curvature and are cemented together, the lens is termed a 
DOUBLET. When the curvatures are different, they cannot 
be cemented together and the lens is termed a DIALYTE. 
Three lenses cemented together form a TRIPLET. 





DOUBLET DIALYTE TRIPLET 
Figure 3-49.—Compound lenses. 


The lens designer, by combining different types of lenses, 
produces a lens of specified focal length and speed with a 
minimum of aberrations. When two lenses are mounted 
together about a central stop, they form a pupLET. Here 
each lens becomes one LENS CELL, or unit, of the complex 
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lens. Lenses in various combinations of elements and cells 
are fitted together to produce the PHOTOGRAPHIC OBJECTIVES 
in use today. 

The first step in making a new lens is the selection of a 
design. The design for a new lens is usually based on an 
old lens of known characteristics, or on some modification of 
it which is suggested by new materials. The new design is 
checked for aberrations, changed and rechecked until a 
formula is produced that tests satisfactorily on paper. To 
find a formula which tests well theoretically sometimes takes 
months or even years of computation. During these tests, 
different lens shapes, new types of optical glass, and many 
focal lengths and speeds are tried. All the various possi- 
bilities are tested and rechecked until a good practical lens 
formula is found. 

An experimental lens is then carefully constructed using 
this formula. The new lens is subjected to many tests 
designed to expose all aberrations and defects. If the tests 
show the lens will satisfactorily serve the use for which it is 
intended, it is then manufactured in quantity. But rigid 
tests are still conducted while the lenses are being made to 
insure equal or better quality than that obtained in the 
model. 

LENS SPEED.—The largest opening or stop at which a lens 
can be used is referred to as the SPEED OF THE LENS. Hence, 
the light gathering ability of a lens is called LENS SPEED. 
But POWER RATING would be as good a term since the lens’ 
ability to gather and transmit light has no connection with 
speed as it is known. However, it can be shown that the 
area of a circle varies as the square of its diameter. Thus, 
the larger the lens the more light it admits in a given time. 
As the amount or intensity of the light admitted is increased, 
the length of the exposure necessary to record an image is 
shortened. Therefore, of two lenses made for the same size 
camera, the larger is the faster. 

The speed of a lens, although affected by the amount of 
light lost due to absorption and reflection, depends primarily 
upon the area of the circle of light they transmit and the 
distance the light has to travel. The maximum amount of 
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light transmitted is governed by the largest stop and the 
distance light has to travel is indicated by the lens’ focal 
length. Therefore, the greatest possible amount of light 
admitted by the lens is in direct proportion to the square of 
the diameter of the largest stop; while the intensity of the 
light falling upon the focal plane varies inversely as the 
square of the lens’ focal length. How the stop and the focal 
length affect lens speed is explained in chapter 4 under ‘‘The 
f/value of a Lens.”’ | 

The definition of lenses having extremely large apertures 
cannot equal that of lenses designed with smaller apertures. 
In general, the lens with the smaller maximum aperture is 
preferable when the fast and medium fast lenses are used at 
the same aperture; that is, large aperture lenses in many 
cases are primarily corrected for use at their maximum 
aperture. Therefore, a large aperture lens should be regarded 
a8 & SPEED LENS only. It should be used when the large 
aperture is a necessity, and not used as a general photographic 
lens. 


How Lenses Are Mounted 


In developing the mechanical design of a lens certain 
factors must be considered. The optical parts must be 
mounted to allow adjustments, cleaning, and facilitate 
reassembly in accurate position without straining the glass. 
The materials and exact form of each part is carefully chosen 
so the lens will be sturdy without excess bulk or weight. 
The design and materials are selected to offer maximum 
protection against dust, moisture, corrosion, and other 
deteriorating climatic conditions. Finally, a lens mount, 
whether in SHUTTER OF BARREL, Must center the various 
elements on a common axis, and also maintain the exact 
separation specified by the designer. 

The BARREL MOUNT is a simple metal tube threaded inside 
at the ends to provide the means for securing various parts 
of the objective. This type of mount has no shutter mech- 
anism, but it is usually equipped with an adjustable stop 
termed a diaphragm. Figure 3-50 is an example of the 
barrel mounted photographic lens. It shows the barrel, the 
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Figure 3—50.—The barrel mount. 


diaphragm control ring, and the lens cells. Nortsr aLso THAT 
THE DIAPHRAGM IS LOCATED IN THE APPROXIMATE PHYSICAL 
CENTER OF THE LENS. 

The BETWEEN-THE-LENS SHUTTER BARREL MOUNT is the 
only other type of main lens housing. It is equipped with a 





Figure 3—51.—The between-the-lens shutter barrel mount. 
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diaphragm and a shutter whose blades operate between the 
elements of the lens. The shutter is a mechanical control 
used to regulate the time that light 1s permitted to pass 
through the lens. Figure 3-51 is a view of the between-the- 
lens shutter mount which also shows the different components 
of the lens. 

PLACEMENT OF THE LENS’ ELEMENTS.—After the lenses 
have been satisfactorily ground and polished, their optical 
and geometrical centers may not coincide, and the total 
diameters of the lenses will usually be larger than the mount. 
These differences are corrected by adjusting each element so 
its optical axis is accurately alined with the rotational axis, 
and the excess edges are ground off to produce a perfectly 
round lens of the proper size. 

Several elements of most modern lenses are mounted 
together to form a single unit of the objective. Prior to 
World War II, the various lenses to be mounted together in 
optical contact were cemented with Canada balsam. Today, 
however, most lens manufacturers use a war-developed 
thermal-setting plastic-base substance (methacrylate plastic 
cement) which minimizes, due to its resistance to a wide 
range of temperatures, the danger of lens separation. The 
cementing operation consists of gradually heating the ele- 
ments to a predetermined controlled temperature, placing 
a drop of lens cement at the center of the desired surface, 
and pressing the elements firmly together until all air bubbles 
and excess cement are squeezed out. The elements are then 
ready for mounting. 

The various elements are cemented together or mounted 
with mathematically determined airspaces between them and 
finally assembled to produce a photographic objective. By 
mounting several lenses in a lens cell they can be handled 
as a unit. Figure 3-52 shows the components of a typical 
lens cell. The cell is a tubular mounting which is usually 
made of metal. It is threaded on the outside so it can be 
screwed into a lens barrel, or main housing, and threaded 
‘on the inside to hold the RETAINING RINGS. These rings, 
sometimes called retainer rings, hold the lenses in place in 
their cells. Each ring is threaded on the outside and has 
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LENS CELL 


47 —— RETAINING RING 


Figure 3-52.—Lens cell components. 


one or more slots on its edge which facilitate removing or 
tightening it. 

It is possible to hold lenses in place by putting a retaining 
ring on each side of each element, but it is more convenient 
to use these rings at only the ends of the cells. When the 
latter method is used, smooth or threaded tubular sections 
made of metal or plastic termed SEPARATORS, OF SPACERS, 
are utilized to hold the lenses at the proper spacing in each 
cell. (See fig. 3-52.) 


The Single Achromatic Lenses 


This single unit lens is constructed of two or more elements. 
The usual form consists of a positive meniscus element 
cemented in optical contact with a negative element as 
shown in figure 3-53. The elements have different refractive 
powers as well as different curvatures. When it is mounted 
on a camera, the positive element is placed in front of the 
negative component with the diaphragm close to but forward 
of the front face. The single achromatic lens is corrected 
for chromatic aberration at two wavelengths; that is, it will 
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Figure 3-53.—An achromatic lens. 


bring the blue-violet and red light waves to a common focus. 
This type of lens also improved, to a limited degree, the 
spherical aberration and coma to which the single meniscus 
was subject. 

A lens of this type will form a usable image and cover a 
larger field than the meniscus at apertures from 8/12 to 5/16 
or at apertures not larger than approximately one-eleventh 
of its focal length. But an image formed by this lens is 
afflicted with distortion; the type of distortion depends on 
whether the diaphragm is in front or behind the lens. How- 
ever, when a large aperture is not required it may be used 
within its limitations where a long focal length is needed. 


The Rapid Rectilinear Lens 


A faster and more highly corrected lens was made possible 
by symmetrically combining two identical achromatic lenses 
about a central diaphragm. The rapid rectilinear lens is so 
named because it automatically removed the three transverse 
aberrations—chromatic difference of magnification, distor- 
tion, and coma—and these corrections made it usable at 
larger apertures than was possible with the single achromatic 
lens. This lens is essentially a duplet composed of two 
achromatic cells adjusted to accommodate a centrally located 
diaphragm. | 

The position of the diaphragm enables the cells to correct 
for distortion, since the pincushion distortion of the front 
cell is neutralized by the barrel distortion in the rear cell. 


This arrangement rectifies lines, so the lens is named 
RECTILINEAR. ‘The combined focal length of the lens is less 
than the focal length of either cell alone and the added cor- 
rections allow the use of a larger aperture. Therefore, the 
term RAPID is used in its name to indicate greater speed. 

The rectilinear and the very similar aPLANaAT, designed at the 
same time, were the first SYMMETRICAL lenses. Symmetri- 
cal means that the front and rear cells of the lens have the 
same construction and focal length. This type of lens was 
very successful and it remained in general use until superseded 
by the anastigmats. The components of the rectilinear lens 
were corrected to some degree for longitudinal chromatic and 
spherical aberration even though they had to be bent into 
the meniscus shape necessary for a flat field. The SYMMETRY 
of the cells was relied upon to eliminate coma and distortion. 

When one cell of a lens can be used alone it is termed a 
CONVERTIBLE LENS. Most symmetrical lenses are convert- 
ible; however, all convertible lenses are not symmetrical. 

If the two cells of a convertible lens have different focal 
lengths it is termed a TRIPLE CONVERTIBLE LENS. In this 
case three focal lengths are available instead of two. They 
are the long focal length of the front cell, the shorter focal 
length of the rear cell, and the still shorter focal length of the 
complete objective. Thus, in effect, three separate lenses 
are made available in one mount. But the best corrections 
are present only when the complete lens is used. 


The Anastigmat Lens 


When the term ANASTIGMAT is applied to a lens, it indicates 
that the lens is free from astigmatism. These lenses are 
very complex in design and usually have a number of indi- 
vidual elements ranging from three to as many as ten. They 
also vary greatly in construction details. Some are composed 
of two corrected cells which may be used separately in a 
convertible mount. Other types require the complete com- 
bination for corrections or sharpness, since the errors of one 
section are balanced against the other units to obtain good 
correction in the complete objective. Components of several 
types of anastigmats are depicted in figure 3-54. 
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Figure 3-54.—The components of anastigmats. 


This type of lens embodies to a higher degree all the 
corrections of the previous lenses discussed, plus corrections 
for astigmatism and curvature of field. The ability to focus 
all lines sharply on a flat surface in the same plane makes 
this lens necessary for all photographs where measurements 
are required from the finished product. Furthermore, the 
anastigmats are the best objectives made for general photo- 
graphic purposes. 


The Apochromat Lens 


A lens that has a different focal length for different colors 
is said to be afflicted with CHROMATIC DIFFERENCE OF MAG- 
NIFICATION, that is, it produces a hazy colored edge around 
the outer portions of an image of a colored object. (Another 
name for the same defect is TRANSVERSE CHROMATIC ABER- 
RATION.) This defect is very. objectionable in any type of 
color photography, especially in three-color process work 
where three individual images of a colored object must be 
the same size. 

An anastigmat lens with a higher degree of correction for 
color is termed an APOCHROMAT, Or aN APOCHROMATIC PRO- 
cEss lens. It is designed to meet the exacting requirements 
of color process work in which perfect photographic copies 
must be obtained of colored objects. The apochromat will 
produce equally sharp images through various color filters, 
and these images will register perfectly because they are 
exactly the same size. 

A lens used to form images, usually of black lines on a 
white background, to be reproduced with printing blocks or 
plates is termed a Process lens. Generally its design is 
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symmetrical and contains four separated single elements. 
Since this type of lens is used to copy maps and similar 
illustrations, it is necessarily free of distortion. 
Apochromatic process lenses usually consist of four air- 
spaced uncemented elements. Two of these elements are 
symmetrically mounted with the diaphragm between them. 
Such a lens is corrected for chromatic aberration, spherical 
aberration, astigmatism, zonal aberration, and flare. The 
symmetrical design is credited with preventing distortion. 


Angle of View of Lenses 


Lenses are frequently classified by the type of work for 
which they are designed. This does not mean that the lens 
cannot be used for other purposes, but it does mean that the 
best results will be obtained only when the lens is used for 
the purposes for which it was designed. The customary 
grouping of lenses is by the size of the angle included by its 
field. There are the wide angle, the normal or medium angle, 
and the narrow angle lenses. 

The angle of view of lenses is usually given in degrees of 
arc, and it is difficult to measure an angle without the neces- 
sary equipment. Nevertheless, two easy measurements are 
always present, the size of the film used and the focal length 
of the lens. Using these two measurements an angle can be 
formed which is equal to that covered by the lens. If neces- 
sary, this angle can be measured with a protractor. Gen- 
erally this measurement will not be needed, since a com- 
parison between the two measurements will be sufficient. 

THE WIDE ANGLE LENS.—This type of lens has an angle of 
view of 60 degrees or more, and the focal length is shorter 
than the diagonal of the film it is required to cover. These 
lenses are used only on cameras which permit bringing the 
film closer to the lens than necessary when using a normal 
angle lens. The true wide angle lens will adequately cover 
a film whose diagonal is twice as long as the lens focal length. 
For example, a 3-inch wide angle lens will cover a 4 x 5 inch 
film which has a diagonal of approximately 6.5 inches. (See 
fig. 3-55.) The field covered by a camera will not be in- 
creased if the wide angle lens’ focal length is the same as the 
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FILM DIAGONAL 6.5" 


Figure 3—55.—How to determine the angle of view of a lens. 


camera requires for a normal angle lens. Hence, field cover- 
age is gained only by using a shorter focal length than normal. 

Wide angle lenses are used for work where as great an 
area as possible must be photographed from a given distance. 
The broader angle of view covers more area without moving 
the camera further back, which in some situations might be 
impossible. They are all unsymmetrical and nonconvertible, 
and the components are mounted very close together in a 
main housing which is seldom equipped with a shutter. 
Most of them have relatively small diameters and the ex- 
posure required is usually long. Therefore, the lens cap 
serves sufficiently as the shutter. 

MEDIUM OR NORMAL ANGLE LENSES.—These lenses have 
an angle of view of from 45 degrees to 60 degrees, and the 
focal length is generally equal to the diagonal of the film it 
is required to cover. This group includes all general-purpose 
lenses. The lenses mounted on the average camera as stock 
equipment and all convertible lenses are in this group. 

THE NARROW ANGLE LENS.—This group of lenses has a 
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focal length greater than the diagonal of the film it must 
cover, and their angle of view is less than 45 degrees. They 
are made to obtain a larger image at greater distances. (The 
effect that focal length has upon image size was explained 
under ‘‘Focal Length.’’) Since this type of lens is not in- 
tended to include great areas, their corrections could be 
made better and more easily for a narrow field than would 
be possible for a large field. Consequently, these lenses 
usually have smaller apertures than the normal or medium 
angle lenses, and may, in many cases, be as slow as the wide 
angle lenses. 

ANGLE OF VIEW SUMMATION.—It will be observed, as ex- 
plained earlier, that the measurement of the descriptive 
angle of view is controlled by two factors: the lens’ focal 
length and the diagonal dimension of the largest film used. 
The latter factor should be considered as the maximum film size 
the lens will correctly cover. For example, a wide angle lens 
for an 8 x 10 inch film would be a narrow angle lens if it was 
used to cover only a 2 x 2 inch film. However, when only 
the largest film the lens will possibly cover is considered, 
the angle of: view for the lens can be quité accurately stated. 


The Telephoto Lens 


Lenses of this type are designed to give the effect of long 
focal length and small angle of view without the long bellows 
extension required by ordinary long focus lenses. (The 
bellows is a flexible light-tight enclosure which extends from 
the lens mount, through the camera body, to the focal 
plane.) For example, a normal long focus lens of 15 inches 
in focal length could not be used on a camera which has only 
12 inches of bellows. But a telephoto lens with a focal 
length of 15 inches requires only about 10 inches of bellows. 
These lenses have large converging front cells and smaller 
diverging rear cells. (See fig. 3-56.) 

The telephoto lens produces the effect of a long focal 
length at a short distance from the rear lens surface. This 
distance, from its rear lens surface to the principal focal plane, 
is sometimes referred to as the BACK FOCAL DISTANCE. Its 
advantages are twofold; first, a large scale image is formed 
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Figure 3-57.—Bellows extension required for simple and telephoto lenses. 


much nearer the lens than by normal long focus lenses; and 
second, the overall camera length required is very short. 
(See fig. 3-57.) 

The negative rear unit of the telephoto lens picks up the 
light rays collected by the front positive unit. These rays 
have passed the reversal area of the positive unit, but they 
have not come to a focus. The negative unit spreads these 
rays out and they pass on to focus where the cones.of light 
converge behind the negative unit. Hence, a greatly mag- 
nified and reasonably brilliant image of the object is produced. 

The focal length of the telephoto objective is usually 
referred to aS EQUIVALENT FOCAL LENGTH which is generally 
designated as ““EFL.”’ Lenses of this type are considered to 
be in the medium speed group. 
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QUIZ 


. The first practical experience with the principle of diffraction was 
encountered when using the 
a. simple lenses 
b. pinhole camera 
c. prism 
d. positive lenses 
. When a ray of light passes through a prism, it emerges 
a. at an angle to the incident ray 
b. parallel to the incident ray 
c. at a 45-degree angle to the incident ray 
d. bent toward the normal 


. All lenses used to form the images recorded with a camera are 
in form. 
a. negative 
b. simple 
c. single 
d. positive 
. The ray of light that can pass through a lens without refraction 
is the _______ ray. 
a. primary 
b. diverging 
c. axial 
d. parallel 


. The point in a lens where the secondary light rays may be assumed 
to cross without deviation is referred to as the 

a. point of reversal 

b. area of reversal 

c. point of focus 

d. optical center 
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10. 


11. 


12. 


13. 


14. 


15. 


Matcuo Co.LuMN A WITH CoLUMN B 


A B 


. The distance between the optical center a. lens’ principal 


and the principal focal plane of a lens, or plane 
the distance between the lens and the focal 

plane when the camera is focused at in- 

finity, is termed 


. The exact center of a biconvex lens is b. optical axis 


known as the 


. The longitudinal axis of a lens is called c. focal length 
. The images of objects are recorded by a_ d. point of principal 


camera at the focus 


A line extending through a lens perpendic-_ e. focal plane 
ular to the principal plane and normal to 
both surfaces is termed 


Parallel light rays passing through a posi- f. optical center 
tive lens converge at the 


Which of the following photographic objectives is Not corrected for 
chromatic aberration in all three of the primary colors? 

a. Apochromatic lens 

b. Anastigmatic lens 

c. Process lens 

d. Single-achromatic lens 


When the facing surfaces of two simple lenses are cemented 
together, the lens unit thus forined is termed a 

a. lens cell 

b. triplet 

c. dialyte 

d. doublet 


If two lenses are mounted together about a central stop to produce 
an objective, the complex lens would be termed a 

a. duplet 

b. triplet 

c. dilayte 

d. doublet 
The term _________ is used to point out the various ways in which 
the behavior of light affects the images formed by lenses. 

a. defects 

b. astigmatism 

c. aberration 

d. distortion 
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16. 


17. 


18. 


19. 


20. 


21. 


22. 


The inability of a simple lens to sharply focus all the wavelengths 
of white light on the same plane is called 

a. astigmatism 

b. chromatic aberration 

c. distortion 

d. spherical aberration 

produces a pear-shaped image of a small circle or image 

point near the edge of the image plane. 

a. Flare 

b. Distortion 

ce. Curvature of field 

d. Coma 


The inability of a lens to focus an image on a flat plane is termed 
a. curvature of field 
b. astigmatism 
c. distortion 
d. chromatic aberration 


is the term used to describe the inability of a lens to 
project a sharply focused image of both vertical and horizontal 
lines on the same plane. 
a. Flare 
b. Curvature of field 
c. Astigmatism 
d. Curvilinear distortion 


Unwanted or stray light that falls upon the image plane is usually 
caused by 

a. coma 

b. flare 

c. curvature of field 

d. ghost images 


The angle of view of a normal angle lens is 
a. 15 to 30 degrees 
b. 30 to 45 degrees 
c. 45 to 60 degrees 
d. 60 to 90 degrees 


A telephoto lens has a focal length that is 
a. equal to the distance from the lens to the focal plane 
b. less than the distance from the lens to the focal plane 
c. greater than the distance from the lens to the focal plane 
d. sometimes greater, sometimes less than the distance from the 
lens to the focal plane 


127 


23. An astigmatic lens with a higher degree of correction for color is 
termed a 
a. process 
b. apochromat 
c. triple convertible 
d. rapid rectilinear 
24. The lens that will produce the most normal prespective, as the 
eye would see it, would be classified as a _________ focal length 
lens. 
a. long 
b. short 
c. medium 
d. normal 
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CHAPTER 





USE AND CARE OF LENSES 
HOW TO USE THE LENS 


Focusing 


Adjusting or changing the distance between the focal 
plane and the lens is termed focusing. Most cameras are 
constructed so the FOCUSING SCREEN is in a fixed position 
and all the focusing is accomplished by moving the lens. 
In other cameras both the focusing screen and the lens may 
be moved. The focusing screen provides a definite plane for 
the eyes to focus upon, and insures that the image formed 
by the lens will be focused upon the same plane. 

The focusing screen should never be confused with the 
focal plane. The FocusING SCREEN is the device used to 
accurately determine the position of the focal plane. When 
the distance from the lens to the object focused upon is 
changed, there must be corresponding change in the distance 
from the lens to the focal plane. The focusing screen 
provides & REFERENCE PLANE when adjusting this distance, 
and insures that the image formed by the lens will be focused 
on the same plane. | 

INFINITY FOcUus.—When the lens is focused on an object 
so distant that the light rays reflected from it are parallel, 
these rays will converge, after refraction by the lens, at the 
POINT OF PRINCIPAL Focus. The point of principal focus 
is on the PRINCIPAL FOCAL PLANE which is at a distance of 
ONE FOCAL LENGTH behind the lens. Therefore, the lens 
is said to be ON INFINITY FOCUS. 

If this distant object is moved nearer to the lens or the 
lens is moved closer to the object, the distance between the 
focal plane and the lens must be increased to keep the image 
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sharp. When the distance between the lens and the focal] 
plane is not extended as the object is moved nearer to the 
lens, the image of the object will become blurred or out o¥ 
Focus. The closer the lens is to the object it is focused 
upon, the larger the image will be, until the distance between 
the lens and the focal plane is extended to twice the normal 
focal length. At this distance the image and the object 
focused upon will be the same size. Hence, as explained 
earlier, the size of an image formed by a lens is dependent 
upon two factors: The distance from the lens to the object 
focused upon, and the focal length of the lens. 

FocusING FOR ONE OBJECT.—In accordance with the laws 
of optics, the lens will focus the image of an object sharply 
at only one distance. (See fig. 4-1.) If the focusing screen 
is moved nearer to or farther from the lens, the image formed 
becomes blurred. When the lens is focused on a nearby 
object, the sharply formed image points of a distant object 
are in front of the focusing screen. Similarly, if the focus 
is adjusted for the distant object, the best image of a nearby 
object will be formed behind the focusing screen. An out- 
of-focus image appears blurred because image points not 
sharply focused are formed as small circles which vary in 
size with distance, or true position, of the best image from 
the focusing screen. 

CIRCLE OF conFuUsION.—The diagram in figure 4-1 shows 
the lens focused on an intermediate point B, and a sharply 
defined image is formed on the focusing screen at B,. At 
the same time the light rays from the more distant point A 
come to a focus at A;. After they intersect at that point, 
the rays from A continue on to the focusing screen where 
they become widely separated again. The rays from C, 
the point nearer the lens than B, have not made an inter- 
section at the distance of B,. Therefore, to focus either 
A or ( sharply, the focusing screen must be moved to the 
same distance from the lens as A, or (. 

In both cases (images A, and (,), the pencil of light has a 
definite diameter when they reach the focusing screen, and 
are visible as a small circle instead of a true point. Then 
the projection of an IMAGE POINT as a small ciRcLE will 
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Figure 4—1.—Focusing for one object. 


produce a blurred (out-of-focus) image. When all image 
points are true points, or very nearly so, the image is sharp. 
But when they are projected upon the focusing screen as 
small circles, their overlapping areas destroy the sharpness. 
Therefore, the CIRCLE OF CONFUSION is the projection of an 
image point as A CIRCLE OF MEASURABLE SIZE, as illustrated 
in figure 4-2. 

When focused correctly the image will be critically sharp. 
However, when the circle of confusion is reduced to Moo 
of an inch in diameter the image will be sufficiently sharp 
for some types of photography. 

Photographs to be enlarged require a smaller circle of 
confusion, or permissible blurring of the image. The size 
it should be will depend upon the size of the enlargement 
planned. Nevertheless, the blurring in the final picture 
should not exceed Xoo of an inch. 





Figure 4-2.—Circle of confusion. 
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The aberrations in some lenses are corrected when manu- 
factured to a circle of confusion of %oo of an inch and smaller. 
Those that are to be used for greater accuracy, as in color 
work and copying, are corrected for a circle of confusion of 
¥oo0 Of an inch. Negatives made with these lenses will per- 
mit maximum enlargement with minimum loss in sharpness. 
However, most lenses are corrected for a circle of confusion of 
¥,0 Of an inch: Therefore, %so of an inch is the PERMISSIBLE 
CIRCLE OF CONFUSION specified for most types of photography; 
and, unless otherwise designated, it is the figure that is 
used in all problems related to the circle of confusion. Several 
formulas (which will be discussed later) make use of this 
factor when determining the conditions required to produce 
a given result. 

FocusING THE LENS FOR SEVERAL OBJECTS.—In most 
types of photography it will be necessary to have several 
objects which are at different distances in sharp focus. This 
means compromise because the lens cannot focus directly 
on several objects at different distances from the lens. If 
it is focused directly on a point near the lens, the distant 
point will not be sufficiently sharp. Then again if it is focused 
exactly on the far point, the near point will be out of focus. 
The best overall sharpness for both points can be obtained 
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Figure 4-3.—Focusing a little in front of the halfway mark. 
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by focusing the lens a little in front of the halfway mark § 
between the near and far points. (See fig. 4-3.) 


The Diaphragm 


There is placed in every lens assembly some mechanical © 
device for controlling the amount of light which passes 
through the lens. This contrivance may have a fixed size, 
or it may be designed to allow a selection among a number 
of sizes that can be given to the aperture in a lens. This 
device is € DIAPHRAGM, or partition, frequently called stops. 
It is located within the lens to cut off or obstruct the mar- 
ginal rays while permitting the more central rays to pass. 
Most lenses have a series of thin metal leaves for this pur- 
pose. These leaves are arranged and shaped to provide an 
approximately circular opening which can be changed in 
size when desired. This device, which is used to form and 
control the size of the aperture or opening in the lens, is 
called an IRIS DIAPHRAGM. (See fig. 4-4.) 

One end of each overlapping leaf in the iris diaphragm’s 
mechanism is located on a mount which is secured to the in- 
tercircumference (periphery), or the inside, of the lens bar- 
rel, and the other end is attached to a movable circular ring. 
When the ring is rotated about the axis of the lens, the cen- 
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Figure 4—4.—The iris and the iris diaphragm. 
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ter of each leaf moves toward or away from the optical cen- 
ter. Rotating the ring contracts or expands the “roughly’’ 
circular opening and regulates the size of the space between 
the leaves. 

This opening is always concentrical with and perpendicular 
to the axis of the lens. Its location in the lens barrel is de- 
termined by the manufacturer when the lens is designed. 
If the diaphragm is moved to another location in the as- 
‘sembly, the results obtained will be below standard for that 
lens design. | 

Rotating the diaphragm’s control ring in the direction that 
reduces the size of the aperture is termed sTOPPING DOWN 
the lens. Moving the control ring so that it enlarges the 
aperture size is termed OPENING UP the lens. Figure 4—4 
illustrates how different size openings are possible with the 
iris diaphragm. When the diaphragm is set at the largest 
aperture, the lens is said to be wide open. The better the 
optical corrections in the lens the larger the opening, or 
aperture, can be. Similarly, the size of the largest opening. 
determines the maximum working speed of the lens. 

The speed of the lens is determined by the ratio between 
the diameter of the diaphragm opening and the focal length 
of the lens. It is obvious that the larger the aperture in the 
diaphragm, the more light will pass through the lens. _ The 
shorter the focal length of the lens, the greater will be the 
intensity of the light at the focal plane. 

The speed of a lens is indicated on the lens’ mount by a 
number which is preceded by the letter f. For example, 
{/4.5. The series of numbers which designate the different 
amounts of light possible with a lens are all preceded by the 
letter f. The largest opening possible with each lens, which 
is designated by the lowest f/number, is known as the 
MAXIMUM EFFECTIVE APERTURE. 


The f-value of a Lens 


To use the lens advantageously, the photographer must 
thoroughly understand the relation between the aperture 
and the brightness of the image produced at the focal plane. 
The efforts of lens designers and manufacturers to produce 
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lenses with high (large) RELATIVE APERTURES is,another in- 
dication of the aperture’s effect upon image brightness. 
The term RELATIVE APERTURE means the ratio between the 
effective aperture of the lens and its focal length. 

The relative aperture of a lens is controlled by two fac- 
tors: (1) The diameter of the beam of light passed by the 
lens; and (2) its focal length, which governs the size of the 
area over which the light is spread. Then, 


F 
I=p 
When 
F=focal length 
D=diameter of the effective aperture 
f=f/number, or the relative aperture 


Example: What is the f/number of a lens that has a focal 
length of 8 inches and the diameter of the effective aperture 
is 2 inches? By using the formula, 


f=p 
8 
fy or 


f=4 


Therefore, the lens has a relative aperture of f/4. (See fig. 
4-5.) 

Simple arithmetic shows that the area of a circle varies as 
the square of its diameter. Photographically, this means 
that when the diameter of the opening is made smaller less 
light is admitted and the image formed by the beam of light 
passing through the smaller opening becomes dim. Further- 


more, as the size of the opening in the lens is reduced, the 
ratio 


J=p 


between the aperture and the focal length will be increased. 
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Figure 4—5.—The f/number of a lens. 


Then as the f/number becomes larger the size of the relative 
aperture is decreased. 

The focal length of the lens is the other factor which af- 
fects the brightness of the image formed upon the focal 
plane. Figure 4-6 depicts how this principle of the lens 
affects image brightness. 

The strength or intensity of the light admitted by a lens 
varies inversely at the focal plane as to the square of the 
distance it must travel (from the lens to the focal plane). 


[>-—fOsa Length 0 LENGTH 10" 


LENS ~~) | 
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DIAPHRAGM IS SAME DIAM 
Y, 
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FOCAL LENGTH 20" 
Figure 4-6.—How image brightness is affected by focal length. 
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Since the f/number is a ratio of focal length and the lens’ 
diameter, all lenses which have the same f/numbers, regard- 
less of focal length, should give the same amount of light 
on the focal plane; that is, if all the other factors that affect 
image brightness remain constant. (See fig. 4—7.) 


LENS A Di 


Image points are 
4 7 f: 8 CAMERA A equally bright on 
both focal planes 


LIGHT RAYS 
FROM SUBJECT 






CAMERA B 


LENS 8 ie 


Figure 4—7.—Equal f/numbers produce equal intensities. 


SuMMARY.—The focal length and the diameter of a lens 
are combined in a formula and expressed as a ratio called the 
f/number. This ratio is an evaluation of the relative aperture 
of a lens and it denotes the light-transmitting power of the 
lens. The speed or the relative light-transmitting power of 
two lenses is inversely proportional to the squares of their 
f-values. This power rating can be easily determined by 
squaring the two values and dividing one product by the 
other. 

It is interesting to note that the square of f/4.5 is equal to 
five times the square of f/2. 
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Thus, 
(f/4.5)?=20.25 


(f/2)?=4 
Then, 

20.25 

gq 78.06 


Thus, the f/2 lens is five times as fast as the f/4.5 lens. This 
ratio then shows that if the diaphragm opening is one-eighth 
of the focal Jength of the lens, the f-value is f/8; and an 
opening in a lens which is equal to one-half its focal length 
gives the lens an f-value of f/2. Therefore, the relative 
aperture of a lens is given in whole numbers rather than in 
fractions; thus a lens whose relative aperture is one-half is 
an f/2 lens. 


The Factorial Stop System 


The FACTORIAL SYSTEM (f-system) used to calibrate the 
diaphragm is a ratio which provides a value that is true in 
all lenses regardless of size. It is always read as a whole 
number, not as a fraction or true ratio, and it is referred to 
as the f/number or the f-value of the diaphragm opening. 
This value is designated by a lowercase f with a slant between 
the f and the value. For example, f/8 means that the diam- 
eter of the opening in the diaphragm is one-eighth of the 
lens’ focal length. 

There are many different aperture sizes possible with the 
diaphragm. And each aperture has a different value. Con- 
sequently, some system had to be devised for marking them 
so they could be used with consistency. Therefore, the 
FACTORIAL SYSTEM is used most widely today. This system 
is based on the use of both factors that effect lens speed. 
This set of markings is commonly called the f-system. 

Each diaphragm, as explained previously, is controlled 
by a ring or a lever by which its size can be changed. By 
using this ring or lever an index mark can be brought into 
line with the numbers that indicate the measured f-value 
of the aperture. As these index numbers increase in size, the 
opening decreases in size. Furthermore, these numbers are 
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so chosen that by MOVING THE INDEX POINTER TO THE NEXT 
LARGER NUMBER, THE AMOUNT OF LIGHT ADMITTED WILL BE 
CUT IN HALF; it should be recalled here that the first or lowest 
number in the series is usually an exception. All these 
numbers may not fall exactly within this ratio, but they 
will be sufficiently close for practical purposes. However, 
the photographer will find that the exact variation in all of 
these values is in proportion to the squares of their num- 
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Figure 4—8.—Comparison between aperture, f-value, and relative exposure. 
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bers. For example, f/4 admits four times more light than 
{/8 because the square of f/4 is contained in the square of 
{/8 exactly four times. 


Thus, 
4xX4=16 
8X 8=64 
Then, 
64 
i674 


Figure 4-8 is based on a correct exposure of one second at 
f{/8 and shows the relation existing between other f-values, 
aperture sizes, and the equivalent exposure required to admit 
the same amount of light. 

A study of table 4-1 will show that the amount of light 
admitted is inversely proportional to the square of the f-value, 
while the exposure required is directly proportional to it. 

Example: The correct exposure at f/8 required one second. 
How long an exposure will be required at f/16? The propor- 
tion and computation are as follows: 


(Old f-value)? ___ Old exposure 
(New f-value)? Required exposure 


Reza o 
167 2x 
4 I 
256 2x 
642 = 256 
r=4 


Thus, the required exposure equals 4 seconds. 

The first f/number marked on the lens mount of an Ameri- 
can manufactured lens is the correct value for-the largest 
aperture. The next number will be the nearest f-value in 
an arbitrary series which has been adopted as a standard. 
In this standard series, each succeeding number going up 
the scale (from the largest opening to the smallest) will per- 
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Table 4-1.—Comparison of f-value with amount of 
light to exposure time. 


f-value or no. | f-value squared | Amount oflight | Exposure in 
admitted seconds 


4 16 4 M4 
4.5 20. 25 3.2 \, 
5. 6 31. 36 2 iy 
8 64 1 1 

11 121 Vy 2 

16 256 \%4 4 

22 448 Vig 8 

32 1024 i. 16 


mit only half as much light to enter the camera. Then, as 
the numbers get larger, the diaphragm openings (aperture) 
become smaller. However, moving the index marker in 
reverse order down the scale (from the smallest opening to 
the largest), the numbers get smaller and the diaphragm’s 
Openings become larger. Then, as shown in table 4-1, the 
smallest number may not admit exactly twice as much 
light as the preceding number. Nevertheless, the amount 
of LIGHT ADMITTED will remain INVERSELY PROPORTIONAL to 
the square of the f-value, and the EXPOSURE REQUIRED will 
always be DIRECTLY PROPORTIONAL to it as shown by the 
last example. 

All American-made lenses are indexed with the standard 
series of f/numbers: either completely or in part, except for 
the first f/number (as stated earlier) which is computed to 
indicate the correct value of the maximum aperture. Fur- 
thermore, the calibrations of f/numbers on all the best lenses 
will be some part of this standard series. The photographer 
should become acquainted with this series so its relative 
values will be known. Then it is reasonable and logical to 
suggest that he commit to memory the standard series of 
f/numbers as listed in table 4-2. This list of f/numbers is 
better known as the STANDARD FULL Stops. A comparative 
exposure based on 1 second at f/4, or 16 seconds at f/16 is 
also shown. 
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Table 4-2.—The standard full f/stops. 





{/stop Relative {/stop Relative {/stop Relative 

exposure exposure exposure 

1. 0 0. 06 5. 6 2. 0 32. 0 64. O 

1.4 12 8. 0 4.0 45. 0 128. O 

2. 0 25 11. 0 8.0. 64. 0 256. O 
2.8 . 50 16. 0 16. 0 
4.0 1.0 22. 0 32. 0 


By studying table 4-2 it can be seen that when the lens 
aperture is opened one full stop, the amount of light trans- 
mitted is twice that of the nearest preceding stop. And 
altering the f/stop one full stop less (stopping down) will 
reduce the amount of light passing through the lens to one- 
half that of the nearest larger stop. 


The Transmission Stop System 


The f/stop system of diaphragm markings is based entirely 
upon the effective diameter and the focal length of the lens. 
Any light losses resulting from absorption, reflection, and 
scattering is not taken into account. Further, the differ- 
ences in light-transmitting properties of coated and uncoated 
lenses of the same type are not considered. | 

Uncoated photographic lenses in general use have from 4 
to 10 glass-air surfaces, and may transmit only 50 to 80 per- 
cent of the light that reaches their entrance pupil. But a 
coated lens with 6 glass-air surfaces (3 elements) will trans- 
mit as much as 94 percent of the light that falls upon its 
entrance pupil. Such variations in the amount of light 
passing through different lenses can cause the effective 
exposure to vary seriously even though each lens’ diaphragm 
is set at the same f/stop. These errors are most noticeable 
in exposures made on color film and in motion picture 
photography where film strips of the same scene are made 
at the same time with several cameras and lenses. 

It can be seen that the f/stop system of calibrating the 
iris diaphragm may allow errors which prevent uniform per- 
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formance of different lenses when set at the same f/stop. 
Therefore, the f/stop system may not be considered adequate 
to insure maximum uniformity of results for either color or 
black-and-white motion pictures, especially when several dif- 
ferent lenses are used. Nevertheless, this system still serves 
satisfactorily as the method of varying the light-transmission 
of a lens for most other types of photography. 

A new system for calibrating a lens diaphragm has been 
introduced. The new system is based on the actual amount 
of light transmitted by the lens at the various standard 
diaphragm openings. This method is termed the T-stop 
SYSTEM. The T-stop system (T for transmission) utilizes a 
photoelectric cell which measures the light transmitted by 
the lens, and the diaphragms aperture is adjusted so the lens 
passes a standard light intensity for each calibrated setting. 
Many lenses for use on naval motion picture cameras are 
now calibrated with T-stops. 

The T-system is based on the f-system. Therefore, the 
following comparable relations are oo between f/stops 
and T-stops. 


SIs 


j=a T= 
F=Focal length. 
d=The diameter of the lens diaphragm to be calibrated. 
D=The diameter of a standard diaphragm opening with 
100 percent light transmission (no lens) which trans- 
mits the same amount of light as the opening of the 
lens being calibrated. 

THE T-STOP OF A LENS EQUALS THE LENS FOCAL LENGTH 
DIVIDED BY THE OPENING DIAMETER OF A PERFECT LENS 
WHICH TRANSMITS THE SAME LIGHT INTENSITY AS THE OPEN- 
ING IN THE LENS DIAPHRAGM BEING CALIBRATED. 

Figure 4-9 illustrates the relation between a T-stop and 
an f/stop. A standard opening of the appropriate diameter 
is used for each lens aperture opening in the standard series. 
Figure 4-9 (A) shows a standard 2-inch aperture which has 
been measured for light transmission of 10 units. Figure 
4-9 (B) shows the same size diaphragm opening in a lens to 
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STANDARD OPENING 60% TRANSMISSION 80% TRANSMISSION 


100% TRANSMISSION LENS— 7#/4 LENS - T-4 
UNITS OF LIGHT TRANS- UNITS OF LIGHT TRANS- 
vate pl ree eon oer MITTED AND ME ASURED-6 MITTED AND MEASURED-8 
eho BASURE DIO 6-INCH FOCAL LENGTH 8-INCH FOCAL LENGTH 
(A) (B) (C) 


Figure 4-9.—Relation between a T-stop and an f/stop. 


be calibrated which transmits less light than the standard 
opening shown in (A) due to the following factors governing 
light losses in lenses: 

1. Light loss by reflection at all glass-air surfaces of a lens. 

2. Light loss through absorption by all lens elements. 

3. Different types of optical glass absorb different amounts 
of light. 

4, Variation in the amount of light reflected from coated 
lens surfaces (1 percent) and uncoated lens surfaces (4 
percent). 

5. Permissible tolerances in the manufacture of like lenses 
cause variations in focal lengths and aperture sizes. 

Figure 4-9 (C) shows the lens diaphragm opened until 
the amount of light it transmits is equal to the amount 
transmitted (10 units) by the standard opening shown in 
(A). The lens diaphragm shown in (C) will be remarked 
and inscribed with T-—4 at the spot indicated by the control 
ring pointer, since (B) with its diaphragm opened as in (C) 
will now pass light equivalent to that transmitted by the 
aperture in (A). 

There are other causes affecting the amount of light a lens 
will pass at a given stop. For example, the direction in 
which the diaphragm control ring is moved when setting the 
index mark for a given stop will vary the amount of light 
the lens transmits. Stopping down to f/8, and opening up 
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to f/8 will form two different aperture sizes. This variation 
is caused by backlash in the diaphragm mechanism which 
exists in both the T-stop and f/stops systems. Errors in 
aperture sizes due to backlash will vary from 1 or 2 percent 
in larger openings to as much as 10 to 25 percent for smaller 
openings. Exposure errors from this cause, however, can be 
avoided by always approaching the desired diaphragm 
setting from the same direction, preferably by opening up 
and then stopping down the diaphragm to the desired 
aperture. 


Hyperfocal Distance 


The HYPERFOCAL DISTANCE is &@ measurement taken from 
the optical center of the lens to the nearest point in accept- 
ably sharp focus when focused on infinity at any given 
f/number. The nearest point which is focused sufficiently 
sharp is the HYPERFOCAL POINT, and consequently its dis- 
tance from the lens varies with the size of the circle of con- 
fusion, the f/number used, and the focal length of the lens. 

Three factors are used for computing this distance. 

Let H=the hyperfocal distance 

F=the focal length of the lens 

f=the f/number used, and 

C=the denominator of the circle of confusion when 
the numerator is unity 

Using the above factors it 1s determined that 


F? 
ae 
The result will be in inches since all the known factors are 
in inches. 
Example: Find the hyperfocal distance of a lens that has 
a focal length of 10 inches when using f/4.5 and a circle of 
confusion of %59 inch. The result can be obtained directly 
in feet by using the following formula: 


_F?XC 
A= Xf 
F?=10X10 
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C'=250 


12=—Conversion factor (converts inches to feet) 


fHA.5 

_ 10°X250 
Then, H= 12X45 

_10X10X250__ 10025025000 _ 
o, f= Dy4a5 CUBE 888 


Therefore, the hyperfocal distance of the lens is 463 feet. 

When the lens is focused on infinity, the nearest. object 
acceptably sharp is 463 feet from the lens; that is, sufficiently 
sharp for an f/number of f/4.5 and a circle of confusion of 56 
of an inch. Now, if the lens is focused on an object at a 
distance of 463 feet (on the hyperfocal point), all objects 
from about half that distance to infinity will be acceptably 
sharp. 

If the above lens is focused at 463 feet, the diaphragm 
setting used is f/4.5, and the allowable circle of confusion 
remains \50 of an inch Everything from one-half the hyper- 
focal distance (231.5 feet) to infinity will be acceptably sharp. 

The hyperfocal distance is needed to utilize the maximum 
DEPTH OF FIELD of a lens. In order to find depth of field, 
the hyperfocal distance must be determined first. 


Depth of Field 


The distance between the lens and the focal plane must 
be increased as the lens is moved nearer to the object being 
focused. It is necessary to increase this distance to keep 
the object sharply focused. Thus, it is not possible to pro- 
duce a lens having universal focus. This term is incorrectly 
applied occasionally to lenses attached to small fixed-focused 
cameras. However, it is true that when a lens is focused 
sharply on any given plane, some objects nearer to and 
farther from the lens will be sufficiently sharp for most pur- 
poses. Hence, the DEPTH OF FIELD OF A LENS 1s defined as 
that area between the nearest point and the farthest point 
in acceptably sharp focus. This area is always outside of 
the camera, as ilhustrated in figure 4-10. 
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Figure 4—-10.—Depth of field. 


The depth of field of a lens is controlled by, and all com- 
putations are based upon, THE DISTANCE FOCUSED UPON and 
the HYPERFOCAL DISTANCE. In addition, it should be recalled 
that the hyperfocal distance of a lens is affected by the focal 
length, the size of the circle of confusion, and the f/number 
of the lens. Consequently, there are four factors which 
control depth of field: 

1. Focal length of the lens. 

2. Size of the circle of confusion used. 

3. f{/number used (the size of the diaphragm opening). 

4, Distance from the lens to the object being focused. 

A short focal length lens has a greater depth of field than 
a long focal length. Hence, the shorter the focal length of 
the lens used, the greater the depth of field. | 

Depth of field increases as the lens opening (aperture) is 
decreased because the size of the cones of light decreases in 
proportion to the aperture as shown in figure 4-11. 


Out of focus 


In focus 





Small diaphragm opening 


Figure 4-11.—Effect of diaphragm opening on depth of field. 
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Focusing far away Out of focus 





Focusing close 


Figure 4—12.—Effect of distance on depth of field. 


When the lens is focused from a small distance, the depth 
of field will also be small; and when the distance is increased, 
the depth of field is increased. (See fig. 4—12.) 

Figure 4-12 also shows that if the photographer can permit 
a larger circle of confusion, all other factors remaining con- 
stant, the depth of field will be increased. 

Many times the photographer desires to know how much 
depth of field will be obtained with a given f/stop or dia- 
phragm opening. The image is often very weak when using 
a camera with a focusing screen. If the lens is stopped 
down to obtain greater depth of field, less light results, and 
the image becomes so dim that it cannot be seen except in 
its brightest areas. Under these conditions, some method 
other than sight must be used to determine depth of field. 
Then the following formulas will be useful. 

The distance to the nearest plane acceptably sharp (the 
near distance) will be: 


The distance to the farthest plane usably sharp will be: 


_HXD 
"P= D 
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When ND=near distance 
H=hyperfocal distance 
D=distance focused on, and 
FD=far distance, while H and D are equal to the 
same values. 


Example: What is the depth of field of a 10-inch focal 
length lens when focused on an object 100 feet from the lens - 
using a stop of f/4.5? (Norse: The hyperfocal distance for 
such a lens and stop was found to be 463 feet in the previous 
section.) By the formula, the nearest usable sharp plane 
will be found as follows: 


_HXD 
ND=77p 
Np 463X100 _ 46300 _ g5 goat 


~ 463+100 563 


Thus, the nearest point in sharp focus will be 82 feet from 
the lens when focused on an object at 100 feet using a stop 
of f/4.5. By the formula, the farthest plane in sharp focus 
can be determined as follows: 


_HXD 
a 7 


463X100 46300 __ 


Therefore, the far point in sharp focus will be 127 feet from 
the lens when focused on an object at 100 feet using a stop 
of {/4.5. Consequently, the depth of field in this problem 
equals the near distance subtracted from the far distance, 
or 127—82=45 feet. The photographer has learned that 
when he focuses the 10-inch lens using f/4.5 as the f/stop on 
an object at 100 feet, all objects between 82 feet and 127 
feet will be in acceptable sharp focus. If this depth of field 
is not enough to cover the subject, select a smaller stop, 
find the new hyperfocal distance, and apply this formula 
again. (See fig. 4-13.) 
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Figure 4-13.—Calculated depth of field. 


When it is impossible to focus in any other way except 
by measurement, the problem then becomes where to focus 
the lens so the depth of field will be placed most effectively. 
There is also a good formula to use which will solve this 
problem. 


When D=distance to farthest point desired sharp 
d=distance to nearest point desired sharp 
P=distance to point where the lens should be 

focused 

p—Dx¢ x2 

D+d 


Substituting the figures from the previous example 


p—127 xX82x2 
1274-82 
p= 70828 _ 99 66, or in round numbers 
209 
P=100 feet. 


If the 10-inch lens is focused on objects at 100 feet, using a 
stop of f/4.5, the depth of field will exactly cover the area 
from 82 feet to 127 feet. 

In conclusion, these two formulas governing depth of 
field will serve for all distances less than infinity. When 
the lens is focused on infinity, the hyperfocal distance is the 
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Figure 4-14.—Depth of focus. 


nearest point in sharp focus and there is no known limit for 
the far point. 

DeprH oF Focus.—Figure 4—14 shows that if the focal 
plane is moved slightly, either toward or away from the 
position of sharp focus, the size of the blur surrounding the 
Image points of the object focused on will be increased. 
This increase will produce a circle of the image point which 
is larger than the smallest circle that can be obtained by 
placing the focal plane exactly on the plane of sharp focus. 

The minimum circle of confusion of most lenses is very 
small. Thus, the focal plane can be moved slightly and 
yet retain an acceptable sharpness. However, as the dis- 
tance of the movement is increased the circle of confusion 
becomes greater, and the image becomes less sharp. Conse- 
quently, the distance that the focal plane can be moved 
forward or backward from the plane of sharp focus and 
continue to produce an image of acceptable sharpness 
(C of C of 1/250 of an inch or less) is the DEPTH OF FOCUS. 
Furthermore, this depth is always within the camera. 


Conjugate Foci 


Object points and their corresponding image points (dis- 
cussed earlier) formed by a lens are termed CONJUGATE 
FOCAL POINTS. The distances from the optical center of 
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the lens to these points, when the image is in focus, are 
termed CONJUGATE FOCAL DISTANCES OF CONJUGATE FOCI. 

In some texts the distance from the object point to the 
lens is termed MAJOR CONJUGATE, and the distance from the 
lens to the image point is termed the MINOR CONJUGATE. 
- However, these terms cause some confusion when the object 
is nearer the lens than the image, because the so-called minor 
conjugate is then larger than the major conjugate. Ap- 
parently it will be better, therefore, to use the terms OBJECT 
FOCAL DISTANCE and IMAGE FOCAL DISTANCE for these con- 
jugate distances with no consideration as to which is the 
greater or lesser distance. It will be obvious from these 
two terms that the object distance is outside of the camera 
and that the image distance is inside of the camera. 

The various changes in these focal distances may be deter- 
mined by a formula which contains the focal length of the 
lens and the ratio (scale) between the image size and the 
object size. That is, 


F'=the focal length of the lens 


R=the ratio between the image and object size 
When BR is determined by the following formula: 


_ Image size 
~ Object size 
Object focal distance= F-+ (FR) 
Image foca] distance= F+ (FX R) 


R 


When the image formed by a lens is smaller than the object, 
the larger conjugate is outside the camera. If the image 
formed is larger than the object, the larger conjugate is in- 
side the camera. (See fig. 4-15.) These conjugate focal 
distances have some very interesting relationships which 
may be used in several ways. The following three examples 
have been selected to illustrate the practical value of these 
distance relationships: 

Example 1: A 4 x 5 inch negative must be made of a 16 x 
20 inch print using a camera equipped with a 10-inch focal 
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Figure 4—-15.—Conjugate distances. 


length lens. Problem: Determine the distance that will be 
required between the film and the lens (the image focal 
distance) and the necessary distance between the lens and 
the print (the object focal distance). 

The ratio between the film size and the print size (4:16 or 
5:20) may be reduced by using the ratio formula: 


4 1 

nig 4 

: : ee | 
Likewise, R 504 


Substituting the figures into the formula: 
Object focal distance= F'+ (FR) 
1 


= 50 inches. 
Image focal distance= F-+ (FX R) 


=10+(10x;) 
= 12.5 inches 


Therefore, the camera lens must be 50 inches from the print 
and the film must be 12.5 inches from the lens to make a 
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4 x 5 inch image of a 16 x 20 inch print using a 10-inch focal 
length lens in the camera. 

Example 2: Make a full length portrait of a man 6 feet tall 
using a 10-inch focal length lens, and make the image on the 
film 5 inches long. Problem: How much studio space will 
be required to make this photograph? 

The ratio is 5:72 (6 feet), which reduces to 


Substituting the formula: 
Image focal distance= 10+ (10 x 4d) 
=10. 7 inches 
Object focal distance= 10+(10-+543) 
= 154 inches. 


Combining 10.7 inches and 154 inches gives a film to sub- 
ject distance of 13.7 feet. But there must be added to this 
distance enough space to allow a background behind the 
subject and operating space behind the camera. Three or 
four feet in each case is the minimum for good work. Thus, 
if the room is not at least (13.7-+6.3=20) 20 feet long, this 
size portrait cannot be made with a 10-inch lens. 

Example 3: A diagram 4 inches square is to be photo- 
graphed so the image on the film will be 8 inches‘square. 
Using a lens of 10 inches in focal length, how much bellows 
extension, or camera length, will be required? 

The ratio here is 8:4, or 


R=—=2 


The image focal distance will equal the bellows extension or 
the required length of the camera. 
Substituting, 


Image focal distance= 10+ (10 X2) =30 inches. 


154 


If the camera does not have sufficient bellows extension 
to allow the film to be placed 30 inches from the lens, the 
required negative or image size cannot be made with this 
camera. 

It is not difficult to calculate the various distances for dif- 
ferent jobs and the photographer saves the time and unnec- 
essary work usually required by the “trial and error” 
method. Furthermore, the conjugate-foci formula will add 
prestige to a photographer’s statements, because he can give 
valid reasons for the required equipment specifications to 
accomplish any given assignment. 


The Critical Aperture 


Physical limitations in the design of lenses, discovered in 
the laws of geometry, make it impossible to manufacture a 
lens of uniform quality and performance from its center to 
its edges. Therefore, to obtain the best quality with most 
lenses, many manufacturers recommend eliminating the use 
of the lens’ edges by decreasing the diaphragm opening about 
two stops from the largest aperture. This recommended 
stop, about two full stops below the maximum aperture for 
moderately fast lenses, is termed the CRITICAL APERTURE, 
or the OPTIMUM APERTURE. Then the critical aperture for 
a particular lens refers to the stop where the lens renders the 
best DEFINITION. The critical aperture for any lens may 
be found in the manufacturer’s information pamphlet accom- 
panying the lens or from the manufacturer. 

In the discussion on aberrations, diaphragms, and depth 
of field, the text may have given the impression that in most 
cases image sharpness would increase as the size of the aper- 
ture decreases. This is only partially true for some lenses, 
and not at all true for others. 

When a lens is stopped down below the critical aperture, 
there is an actual decrease in sharpness over the overall 
image due to diffraction. That is, as light ravs pass the 
extreme edge of the diaphragm they bend outward; and as 
the rays bend they spread slightly which increases image 
point blur at the focal plane. Although the depth of field 
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continues to increase after the lens is stopped down far be- 
low the critical aperture, this blur, or loss of sharpness, in 
the image also increases. Therefore, increased depth of 
field should not be confused with image sharpness. For 
example, the image formed by the pinhole camera (discussed 
in @ previous section of this chapter) has extraordinary depth 
of field with an exceptional lack of sharpness. Hence, when 
the lens aperture is reduced until it resembles a pinhole, the 
lens can be expected to behave like one. This is a very 
important consideration for subjects in a flat plane, as in 
copying, where great depth is not needed. 

The best results will be obtained when the critical aperture 
limitations are observed, since the chief advantage of stop- 
ping down is increased depth of field. The critical aperture 
for some lenses, such as the Zeiss Tessar f/6.3 and the Kodak 
Anastigmat f/7.7, is the maximum aperture. But photog- 
raphers using the Crown Copy Camera have found that 
clearer and sharper line copies are obtained when the lens 
is set at f/11 or f/16. However, for a subject with depth, 
the decrease in definition due to diffraction is usually offset 
by the increased sharpness gained by stopping down to in- 
crease the depth of field. Extremely small apertures are a 
possible exception to this. 

The DEFINITION OR RESOLVING POWER OF A LENS is its 
ability to reproduce fine lines. The two factors which 
influence the definition of a lens, the quality of a lens and 
the diffraction of light, have been discussed. Resolving 
power or definition is usually measured in lines per miulli- 
meter. Thus, if the lens’ resolving power is said to be 100 
lines per millimeter, the lens will record 100 definitely sep- 
arated lines per millimeter. (See “Negative Materials,” 
ch. 5.) ; 


How to Determine Focal Length 


Modern lenses are constructed of many components and 
making a measurement from the principal focal plane to the 
lens will not give a satisfactory figure for focal length. This 
is because the measurement must be taken from the optical 
center of the lens and this point is not easily found, as ex- 
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plained previously. However, focal length may be accur- 
ately computed either mathematically or experimentally. 

The lens has three values which are constantly related. 
They are the FOCAL LENGTH, the DIAMETER OF THE OPENING 
in the lens, and the f/NUMBER OR THE f-vALUE. 

It should be recalled that the lens’ focal length is the dis- 
tance from the optical center of the lens to the focal plane 
when the camera is focused upon an object at infinity. 

With any two of the three values known, the third value 
can be found by the following formula: 


F=Df 
F= focal length of the lens 
D=diameter of the opening in the lens 
f=f/number or f-value 
Example 1: What is the focal length of an f/8 lens which 


has a diameter of 2 inches? 
By the above formula: 


F’= Df 
F=28, or 
F=16 


Therefore, the lens has a focal length of 16 inches. 

Example 2: Using the same formula, what is the diameter 
of the opening in the lens when the focal Iength of the lens 
is 9 inches and the f/number or f-value is f/3? 

Again by the formula, 


P= Df 
F 
D=-~ 
f 
9 
D=s, Oi 
D=3 


Therefore, this lens has a diameter of 3 inches. 
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A PRACTICAL METHOD of finding, the focal length of a 
simple convex lens is to let the sun’s rays pass through it 
and fall upon a sheet of cardboard. The lens should be 
moved until the sunlight 1s brought to the smallest possible 
point on the cardboard. Then the measurement of the 
distance from the optical center of the lens to the cardboard 
is the focal length of the lens. 

A second practical method, and by far the most accurate 
for determining the focal length of a lens experimentally, is 
the DOUBLE EXTENSION METHOD. To solve the focal length 
problem using this method, a camera that has a double ex- 
tension bellows is required. This explains the double exten- 
sion term. Focus the camera on a distant object (at infinity) 
and measure the bellows extension. Then focus on a small 
object nearby. Adjust the lens to the subject distance until 
the image and the object are the same size when exactly 
focused. Measure the bellows extention again. Now sub- 
tract the first bellows extension measurement from the last. 
The equivalent focal length of the lens is equal to the result. 

All modern lenses have the focal length actually stamped 
on the mount in either inches or millimeters. But when the 
focal length of a lens is unknown, or if it has been changed 
by adding a supplementary lens, the above methods will be 
useful. 


Perspective 


Human eves see objects in three dimensions, but a lens 
reproduces a view in only two dimensions, length and width. 
The missing dimension, depth, is suggested by the relative 
position and size of objects in the image. The relation of 
these objects, termed PERSPECTIVE, 1s of considerable im- 
portance because it controls the naturalness of the image 
which is influenced by the position or viewpoint of the 
camera. Good perspective represents in one plane objects 
as they normally appear to the eves. Figure 4-16 is an 
example of good perspective since the size relationship of the 
objects in the drawing appear natural, or as the eves would 
see the scene. 

The choice of a lens with the proper focal length is im- 
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portant because viewing distance and viewpoint govern 
perspective. If lenses of different focal length are used at 
the same viewpoint but from different distances so they 
form the same size images, the longer focal length will 
apparently decrease distances and dimensions in the direc- 
tion in which the camera is pointed. (See (B) of fig. 4-17.) 
The shorter focal length lenses seem to increase distances 
and dimensions which causes nearby objects to appear ab- 
normally large as shown by (A) in figure 4-17. 

In (A) of figure 4-17, B, is much too large in relation to 
A,. When a short focal length lens is used, far objects are 
too small in comparison to near objects. In (B), the image 
of B, remains the same, but A, has become larger which 
produces a more true object size and depth relations or 
better perspective. A larger focal length will give this result. 

The image formed by the shorter focal length lens appears 
distorted or unreal. This is because it is usually moved too 
close to the object in order to compensate for the inherently 
smaller image size of the short focus lenses. Notice that the 
image sizes shown in (A) and (B) of figure 4-17 are the same 
size, but the longer focal length lens has a much greater 
viewing distance than the short-focus lens. Hence, perspec- 
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Figure 4—1 7.—Effect of focal length on perspective. 


tive Is altered by changing the viewing distance between the 
object and the lens. 

When a lens’ focal length is referred to as being short, 
normal, or long, it should be recalled that these terms are 
relative to the diagonal dimension of the film the lens is 
used to cover. 

AERIAL PERSPECTIVE indicates the relative distances of 
objects in a picture by their relative differences in tone, in 
brightness, or in color. For example, aerial perspective 
indicates the loss of color or brightness of hills in a scene as 
they recede farther into the distance. This type of perspec- 
tive is not easily shown in photographs of nearby scenes. 

LINEAR PERSPECTIVE Is the art of depicting the various 
planes or distances in a scene by causing lines that are known 
to be parallel to appear converging as they recede into the 
picture. (See fig. 4-16.) 

When parallel lines are recorded as converging lines, the 
results are termed APPARENT DISTORTION. If a camera is - 
pointed upwards when photographing a building, the parallel 
vertical sides will appear to converge toward the top. A 
photograph showing a long straight section of railway will 
depict the parallel rails as converging lines. The conver- 
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gence in the sides of the building is a natural consequence, 
as in the case of the railway scene, since the top of the 
building is farther away than its base. But the eyes are 
extremely reluctant to accept this effect in the sides of the 
building, although it is just as correct as the view looking 
down the railway. Chapter 13 discusses procedures used to 
avoid the unwelcomed convergence of verticals. 

NORMAL PERSPECTIVE is the reproduction of receding lines 
so they appear in the same manner as when viewed by the 
unaided eyes. Lenses of about 14 inches focal length are 
said to produce this effect at the focal plane. When images, 
recorded by a lens which has 14 inches of focal length, are 
held about 14 inches from the eyes, they will match closely 
every line in the object, in both apparent size and distances, 
as if the subject was viewed with the eyes from the camera 
position. 

A short focal length lens used at the same distance and 
viewpoint as a lens with a focal length of 14 inches will match 
every detail of the larger lens’ image when enlarged to the 
same scale. Therefore, the focal length of the lens is not 
necessarily responsible for poor perspective; the photographer 
may choose to sacrifice pleasing linear perspective by using 
the lens from an incorrect position in order to change the 
amount of field included in the picture. 


Image-Object Relationship 


The size of the image formed by a lens is dependent upon 
three factors: The size of the object focused upon, the dis- 
tance from the lens to the object (which is an obvious factor), 
and the focal length of the lens. The effect that focal length 
has upon image size is easily illustrated: Figure 3-25 depicts 
an arrow, AB, reflecting rays of light in all directions from 
its surface. Rays of light from point A strike the full surface 
of the lens and are focused at point A’. In the same wav, 
rays from point B come to a focus at B’. Points A’ and B’ 
are conjugate points of A and B. Between these two points 
are an unlimited number of arbitrary ‘conjugate’ (coupled, 
or paired) points, each one representing a different point on 
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the arrow. The combination of these paired points add up 
to the complete image of the arrow. 


In figure 3-25, an object point C is shown forming its 
conjugate point C’ at the focal plane of the lens. Point C’ 
establishes the image size. By drawing lines from the end 
of the arrow so that they cross at the optical center of the 
lens (secondary light rays AOA’ and BOB’), the actual size 
of the image of the arrow at the focal plane will be shown. 


The shorter focal length lens forms its image nearer the 
lens. This image will: have shorter dimensions than the 
image formed farther from the lens. Plane geometry states 
that in any isosceles triangle, doubling the altitude will 
double the baseline. Hence, the image formed by a lens 
having a 24-inch focal length will be twice the size of the 
image formed by the lens having a 12-inch focal length, if 
both are used at the same distance from the object. (See 
fig. 3-34, and ‘‘Focal Length.’’) 


The following proportion, as illustrated in figure 4-18, is 
the basis of the equation commonly used for solving image- 
object and focal length-distance relation problems. This 
equation should be thoroughly understood, since the photog- 
rapher will find many different applications for it in most 
types of photography. 

All image-object and focal length-distance relation prob- 
lems can be computed with this simple proportion: The image 
size (I) is to the focal length of the lens (F) as the object 
size (G) is to object distance (A). 

This relationship is based on the geometrical axiom that 
in two similar triangles the corresponding sides are pro- 
portional and the corresponding angles are equal. Photo- 
graphically, it has been determined that the angle of view 
of the lens and the angle formed by the light rays, after 
passing through the lens, are equal. The IMAGE PLANE and 
the ORJECT PLANE are considered to be parallel. This is 
also shown in figure 4-18. 

Two similar triangles are proportional. For example, 
two similar triangles are cut apart at the point where the 
light rays cross. The smaller triangle is placed inside the 


162 


OBJECT PLANE 





A= DISTANCE FROM LENS 
TO SUBJECT 







ANGLE OF VIEW 


4 


4’ ANGLE FORMED BY 
LIGHT RAYS 
PASSING THROUGH 
THE LENS 


|=IMAGE SIZE OR NEGATIVE SIZE 
F=FOCAL LENGTH 

G= OBJECT SIZE OR AREA COVERED 
A=LENS TO SUBJECT DISTANCE 


IMAGE PLANE 


Figure 4-18.—The proportion [FGA. 


larger one. When two sides of similar triangles are placed 
together the third sides are parallel. Then, if the three 
sides of the smaller triangle are extended, the two triangles 
will become the same size. (See fig. 4-19.) 

Figure 4—18 illustrates the basis of the proportion IFGA, 
as used photographically, for computing OBJECT-IMAGE 
relationships as controlled by FocAL LENGTH and SUBJECT 
DISTANCE. 

The relationships existing between corresponding parts of 
similar triangles are used mathematically, and it can be 
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THE RELATIONSHIP OF SIMILAR TRIANGLES 


Figure 4-19.—The relationship of similar triangles. 


easily shown that IMAGE sIzE has the same relationship to 
FOCAL LENGTH &S SUBJECT SIZE has to the DISTANCE BETWEEN 
THE LENS AND THE SUBJECT. (See fig. 4-18.) 

A linear proportion can be established from the relation- 
ships shown in figure 4-18. IMAGE SIZE is to FOCAL LENGTH 
&S OBJECT SIZE is tO SUBJECT DISTANCE. 


Thus, 
I:F::G:A 


To solve, the means and the extremes are multiplied and a 
LINEAR EQUATION Is the result. 


IA=FG Wie 


Some photographers find that computations are more 

easily solved by using the formula in the proportional form _ 
[:F::G:A. Logically, the fractional form is recommended, 

considering the time saved by cancellation. 


16 
FA 
The fractional form may be simplified by multiplying 


the numerators by the least common denominator and by 
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cancelling the factors that appear as both numerator and 
denominator. For example: 





IFA_GFA 
FA 
IFA GFA 
FA 
IA=FG 


This simplified fraction is called a LINEAR EQUATION. 

Any one of the four factors in this equation can be deter- 
mined if the other three factors are known. Therefore, the 
following formulas are the same linear equation, JA=FG. 


When solving for J, 


FG 
ae 
When solving for A, 
FG 
ag 


To clear or set apart one factor of a linear equation so that 
it may be solved, the equation is divided by all factors on 
that side of the equation except the one to be set apart. 


When solving for F, 


IA 
F ered 
When solving for G, 
IA 
G= “ 


These four formulas are from the same equation JA=FG, 
and this equation evolves from the relationship of similar 
triangles as illustrated in figures 4-18 and 4-19. Inches 
and feet are used in the equation which eliminates the com- 
putations required to reduce FEET measurements to INCHES. 
But the relation of INCHFS TO INCHES and FEET TO FEET 
should be borne in mine when forming the equations and 
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must be maintained on the respective sides of each equation. 
Keep J and F values in INcHEs, and @ and A values in 
FEET. Then when solving for J or F the result will be in 
inches. If solving for G or A, the result will be in feet. 


The effect of focal length on image size can be proven 
mathematically by using an equation for solving object- 
image and focal length-distance problems. The following 
two problems will be used as a demonstration to prove the 
effect of focal length on image size as illustrated in figure 
3-34. Problem 1: A lens that has a FocaL LENGTH oF 12 
INCHES Is used to photograph an oBJEcT 10 BEET high from 
@& DISTANCE OF 30 FEET. What is the length of the IMacE 
sizE? Solve for the unknown factor (image size) by substi- 
tuting the known factors (focal length, object size, and dis- 
tance) into the equation JA=FG. The formula and 
computations are as follows: 


When J=the image size 
F'=the focal length 
G=the object size 


A=the distance from the lens to the object 


Then, 
FG 
sae5 
12X10 
a 30 


I=A4, or image size equals 4 inches. 


It should be recalled here that INcHEs and FEET are used 
in the equation. To show how the computations required 
to reduce feet measurements to inches are eliminated by 
this equation, simply enter the unit of measure along with 
each value substituted into the formula, and cancel the like 
units that appear in both the numerator and the denomi- 
nator. 
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Example: 
__12 inches X 10 feet 
a 30 feet 


I=4 inches 


I 


In proving the second part of the illustration given in 
figure 3-34, all the measurements will be the same except 
the focal length which will be doubled. Problem 2: A 24- 
INCH FOCAL LENGTH lens is used to photograph an oBJEctT 10 
FEET high from a DISTANCE OF 30 FEET. What will be the 
length of the image? The formula and computations are as 
follows: 

_ FG 


t= 


_ 24X10 
1=~30 


I=8 inches 
or, solving to prove the unit of measure of the result: 


_24 inches X 10 feet 


: 30 feet 


=8 inches or image size=8 inches 


The illustration in figure 3-34 has been proven correct 
mathematically since the 12-inch focal length lens gave an 
image only 4 inches long; whereas the 24-inch focal length 
lens produced an image 8 inches long of the same 10-foot 
object from a distance of 30 feet. 

The photographer is confronted with many problems that 
must be solved correctly to produce acceptable results. 
Many of these problems are of an immediate nature. How- 
ever, most of them may be solved with either of two methods: 
The theory method, which yields the solution quickly; or 
the experimental or trial-and-error method, which is often 
time consuming and confusing. Thus, the photographer 
should realize the obvious facts of this comparison and be 
determined to master this simple proportion. If he knows 
how to apply this proportion, he will have an instantaneous 
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accurate solution for all problems related to image-object 
and focal length-distance relationships. 

This proportion has widespread application in many types 
of photography. For example, the photographer is requested 
to make a 9-INCH PHOTOGRAPH of & BOARD 12 FEET long. 
This board is mounted on a wall, and the maximum distance 
from that wall to the opposite side of the room is 20 feet. 
Is it possible to make this photograph using a standard 
camera equipped with a 12-INCH FOCAL LENGTH LENS? 

The known values are object size (12-foot board), re- 
quested image size (9 inches), and the focal length (12 inches). 
The unknown factor is the necessary lens-to-subject dis- 
tance required to make the photograph using this camera. 
The formula and computations would be as follows: 


I[A=FG 
FG 
aaa 4 
12 inches X 12 feet 
A= 
9 inches 
A= 16 feet. 


The required lens-to-subject distance equals 16 feet. The 
answer to this problem then would be yes, since the required 
lens-to-subject distance is only 16 feet. This allows the 
photographer 4 feet (20—16=4) in which to set up and 
operate the camera. 

Another excellent mathematical method for finding focal 
length of a lens follows. First, review the previous section 
finding focal length. The problem: A linear, one dimension, 
IMAGE LENGTH of 4 INCHES is formed on the focusing screen 
of an OBJECT 8 FEET HIGH from a DISTANCE OF 20 FEET. 
What is the focal length of the lens? 

The unknown factor (focal length) can be found by sub- 
stituting the known factors (image size, object size, and 
distance) into the formula. The formula and computations 
are as follows: 
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[A=FG 
TA 
emg, 

_ 4X20 


me 3 


F'=10, or focal length equals 10 
inches 


The result of the above computation is in inches. This 
can be proven by entering the unit of measure of each known 
value substituted into the formula. Then the unit of meas- 
ure of the result is determined by cancelling the unit that 
appears in both the numerator and the denominator. For 
example: 

_IA 


F=G 
ee. inches X 20 feet 


8 feet 


F=10 inches 


Another problem to illustrate the application of the pro- 
portion /:F=G:A follows: When using the standard camera 
equipped with a 12-inch focal length lens to obtain a 9-inch 
image size from a distance of 16 feet, what would be the 
maximum length of an object that could be photographed? 
To solve this problem the formula and computation should 
be as follows: 


IG 
F A 
I[A=GF 
IA 
C= 
Gg? inches X 16 feet 
— 12 inches 
G=12 feet 
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The maximum ‘length of an object that could be photo- 
graphed with this 12-inch lens using an image size of 9 inches 
from a distance of 16 feet would be 12 feet long. 


PRACTICAL LENS CARE 


The lens is one of the most expensive parts of the camera 
' outfit. It is certainly an important item, since the remainder 
of the equipment is of little value without a lens. For this 
reason the lens’ should be given considerate and careful 
treatment. It can be damaged severely when used without 
due consideration or careless handling and improper storage. 
But by adapting the following instructions to the special 
needs of any particular situation, the life of the lens will be 
much longer than that of the camera with which it is used. 


Handling and Storage 


The glass used in lens construction is much softer than 
ordinary glass. Therefore, it cannot be treated like any 
other piece of glass. The lens must be protected from shocks, 
force, and compression; since any one of these will produce 
great differences in the internal structure of the glass. 

Always guard against shocks caused either by dropping 
the lens or camera or from shocks received in transportation. 
Pad the camera outfit to absorb the usual shocks while en 
route. Rough treatment may force the molecules into 
changed positions which: can destroy entirely the optical 
corrections carefully obtained by the manufacturer. There- 
fore, the lens barrel should not be forced into a mount, nor 
compressed in any other way, because force and compression 
will produce changes in the internal structure of the glass. 

The perspiration and natural oils from the fingers will 
cause deterioration of the lens’ surface polish and dim the 
image. Keep the lens cap on when not using the lens. This 
will protect the surface and make cleaning a less frequent 
need. | 

Direct rays of sunlight will soften and discolor the cement 
used in assembling the lens cells. Continued exposure may 
unseat the elements or form a filter due to discoloration, and 
consequently, change the performance of the lens. 
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The lens should not be subjected to chemical fumes, steam, 
salt spray, excessive heat, or moisture. If the lens is neces- 
sarily exposed to any one of the above, it should be given a 
thorough cleaning before storing. 

Lenses should never be stored in spaces which are ex- 
cessively warmordamp. They will remain in good condition 
if stored in air of average humidity at about 70° F. Further- 
more, each lens should be mounted ready for use, and the 
storage shelves arranged to hold each lens mount vertically. 
As a result, each lens is supported by its own lens rings at 
the point where the least strain will be placed on the cells. 

In areas where the temperature and humidity are high, 
the lens should be stored in a pry LOCKER. Each time they 
are removed for use, they should be cleaned and polished 
before being returned to the locker. They should also be 
inspected at regular intervals as a precaution against FUNGI 
growths. 


Cleaning the Lens 


Cover a table with a clean blotter or paper to prevent the 
possibility of damage to the lens surfaces if they should come 
in contact with the table. First dust the outer surfaces of 
the lens with a camel’s-hair brush to remove the larger 
particles which may scratch the surface. Then spray the 
surface with a recommended lens cleaning fluid, and wipe 
gently with lens tissue using a circular motion and light 
pressure. 

Treat the outer surface of the other cell in the same manner, 
and examine the assembly by looking through it. Further 
cleaning may not be needed. If not, there is no reason for 
removing the cells from the barrel. The cells should be 
loosened slightly and then reset, as a deterrent to the slight 
corrosion which occurs on any bare metal. This will prevent 
the fine threads of the lens cell from becoming frozen in 
place. 

Should additional cleaning become necessary, remove one 
cell from the barrel, turn the open end of the barrel down- 
ward on the table, clean the cell using the procedure given 
above, and replace it in the barrel. Then remove, clean, and 
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replace the other cell in the barrel. This system for cleaning 
and replacing one cell at a time will eliminate the possibility 
of shifting the cells into the wrong end of the barrel. 

A lens wrench should be used to unseat a lens cell that has 
become stuck in its barrel; since the pressure applied by this 
wrench is evenly distributed, it will not injure the cell or 
the barrel. 

When replacing the cells in the lens barrel, or the barrel 
in the mount, be very careful to avoid crossing the fine 
threads. A good method to use for alining these tiny threads 
follows: Hold the outer ring of threads in a horizontal posi- 
tion; place the inner ring of threads flat on top against the 
outer ring, and slowly turn the inner threads from right 
to left. There will be a slight click as the crossed threads 
fall into line. When this click occurs, the inner set of 
threads will turn easily and freely from left to right. Then 
continue to turn from left to right until the inner set of 
threads are well seated in place. 

Never tighten a cell in its barrel, or a lens in its mount, 
with more force than required to seat it snugly in place 
without any slack. The force that can be exerted with the 
thumb and one finger will usually be all that is needed. 
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QUIZ 


1. To copy a chart 6 by 8 inches in size to a 1:1 scale using a 12- 
inch focal length lens, the distance from the optical center of the 
lens to the camera focal plane will be 

a. 12 inches 
b. 18 inches 
c. 20 inches 
d. 24 inches 


2. Depth of focus is the : 

a. margin the lens can be moved without the image becoming 
fuzzy on the ground glass 

b. distance from the optical center of the lens to the ground 
glass when focused upon an object closer than infinity 

c. distance from the optical center of the lens to the first object 
in sharp focus when you are focused upon infinity 

d. distance that the focusing screen can be moved and have 
image remain usably sharp 


3. The hyperfocal distance of an 8-inch lens with an aperture of 
f/5.6 is approximately 
a. 236 feet 
b. 206 feet 
c. 136 feet 
d. 166 feet 


4. Using a lens at f/16, which has a hyperfocal distance of 160 feet, 
the depth of field when focused upon a subject at a distance of 
30 feet will be 

a. 11.5 feet 
b. 25 feet 
c. 15 feet 
d. 20.5 feet 


5. If we square the focal length of a lens and multiply this value by 
the reciprocal of the circle of confusion, dividing that result 
by twelve times the aperture used, we are using the formula 
to determine 

a. depth of field 

b. focal depth 

c. hyperfocal distance 

d. infinity distance to the lens 
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10. 


11. 


12. 


. When focusing on an object which will require the maximum depth 


of field that the lens is capable of producing, the camera should 
be focused approximately ——————— of the distance into the 
subject. 

a. 44 
bis 

ce. & 

d. % 


. The diaphragm on a lens controls the 


a. speed of light passing through the lens 
b. amount of light passing through the lens 
c. time light passes through the lens 

d. intensity of light 


. The largest usable diameter of a lens is known as the 


a. f/stop 

b. focal length 

c. lens opening 

d. effective aperture 


. As the lens opening is decreased (f/number increases), the depth 


of field 
a&. increases 
b. remains the same 
c. varies in relation to shutter speed 
d. decreases 


The ability of a lens to record extremely fine detail is known as 
a. latitude of the lens 
b. refraction of the lens 
c. aberration of the lens 
d. resolving power of the lens 


Which of the following are intermediate f/stops? 
a. £/4, £/5.6, f/8, f/11, f/16 
b. £/4.5, £/5.6, £/6.3, f/7.7, f/11 
c. f/4, £/5.6, f/7.0, £/9, f/11 
d. £/4.5, £/6.3, £/9, £/12.5 
The focal length of a lens may be determined by the following 
two factors: 
a.’ Diameter of the diaphragm and f/stop 
b. Hyperfocal distance of a lens and its largest aperture 
c. Largest aperture and nearest point of focus 
d. Diameter of the lens and smallest f/stop 
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13. 


14. 


15. 


16. 


If the lens aperture is closed down one full stop from the correct 
exposure, the new exposure can be determined by 

a. dividing the shutter speed by 2 

b. multiplying the shutter speed by 2 

c. dividing the shutter speed by 4 

d. multiplying the shutter speed by 4 


When a “coated or surface treated’’ lens is used to expose for color 
transparencies, the lens setting should be 

a. one-third of a stop less 

b. one-third of a stop over 

c. one full stop over 

d. according to exposure meter calculation 
The permissible circle of confusion specified for most types of 
photography is 

&. ooo Of an inch 

b. Yoo of an inch 

c. so of an inch 

d. Moo of an inch 
Where should a camera lens be focused to obtain the greatest 
possible depth of field? 

a. On the hyperfocal point 

b. At infinity 

c. At any point within the depth of field 

d. On a point twice the focal length from the lens 
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CHAPTER 





‘ NEGATIVE MATERIALS 


The primary function of negative material is to record the 
image focused upon it by the lens of a camera. This ma- 
terial reproduces the lights and shades of the subject in 
inverse but proportionate tonal values. That is, the light 
areas of the subject are represented by dense silver deposits 
on this material; whereas, the shadows and iniddle tones are 
represented by lighter deposits of silver which are graded 
according to the brightness of the subject to form the image. 
Consequently, the dark and light areas of the subject are 
recorded in reverse by this material and the image is termed 
NEGATIVE. This is illustrated in figure 1-1 of chapter 1. 


LIGHT-SENSITIVE MATERIALS 


Light is radiant energy, and since it is energy, it is capable 
of doing work. This energy, the minute visible portion 
of the electromagnetic spectrum called light, is radiant 
energy of visible wavelengths which measure between 400 
and 700 millimicrons. The theories and a few facts about the 
nature of this energy were discussed in chapter 2. Therefore, 
only the effect which light has on some substances, and how 
this effect is used photographically, will be considered here. 

In nature some of the effects of light are visible and some 
are invisible. Light will cause the colors of some objects 
to fade; in others, it will cause the colors to darken. Light 
falling upon some soluble substances will render them in- 
soluble. Photography is based upon compounds which are 
made to yield to certain reactions by exposing them to light. 

Many substances are affected in some way by light. How- 
ever, the photographic principle deals with only two groups. 
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One group, formed from gums or resins, is not frequently used 
today. The other group composed of the salts of various 
metals, particularly the HALOGEN SALTS OF SILVER, is of 
major importance. 

The HALOGEN ELEMENTS used in photography are cHLO- 
RINE, BROMINE, and 10DINE. When one or more of these 
elements combine with silver, a compound is formed which 
shows a definite reaction to light. Only the visible action of 
light on silver nitrate was noted when first discovered; but 
later it was learned that a LATENT, invisible, change was 
produced on a silver compound with an exposure to very 
little light, and that after exposure, this action could be con- 
tinued and made visible by chemical treatment. Other 
metals, gold and platinum, also combine with these halogen 
elements to produce light sensitive compounds less fre- 
quently used. 

Light-sensitive materials are composed of two basic parts: 
the emulsion and the base. The EmMutsion is the light sensi- 
tive portion which records the image. The Bass is the sup- 
port upon which the light-sensitive material is coated. 
Most negative materials have other layers for special pur- 
poses which will be discussed later. 


The Emulsion 


The art and science of photography deals with the uses of 
light sensitive silver salts and gelatin. When combined they 
produce @ GELATINO-SILVER HALIDE EMULSION. This Is not 
a true emulsion, but by virtue of long usage in the photo- 
graphic profession it has taken on this specialized meaning. 
Furthermore, the general properties of light sensitive emul- 
sions differ so greatly that they are usually treated as two 
different classes: EMULSIONS FOR NEGATIVE MATERIALS and 
EMULSIONS FOR POSITIVE MATERIALS. Negative emulsions 
are very sensitive to light and are intended for use in cameras, 
while positive emulsions are much less sensitive to light and 
are constructed to make positives from camera negatives. 
Therefore, only the emulsions for negative materials will be 
discussed here. The positive emulsions will be described in 
chapter 8. 
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An EMULSION, by professional jargon, Is A THIN LAYER OF 
GELATIN IN WHICH IS SUSPENDED A FINELY DIVIDED SALT 
THAT IS SENSITIVE TO THE ACTION OF LIGHT. This material 
relies upon both physical and chemical processes to produce 
an image. The physical process will be explained in this 
chapter. The chemical processes will be discussed in detail 
in chapter 7. 

Making a modern light-sensitive emulsion is a difficult 
process because of the great accuracy required at all stages 
in its manufacture. Film manufacturers have carried out a 
great amount of research dealing with the effects of variations 
in the different steps of the process, but very little of the 
information gained has been made available in literature for 
photographers. This is of no major importance, however, 
since the photographer should have a knowledge of the 
properties of the finished material rather than the manufac- 
turing details. Consequently, a short outline of the manu- 
facturing process should be sufficient to help the photogra- 
pher learn how to use negative materials. 

Pure gelatin is soaked in water until thoroughly swollen 
and then heated gradually to thoroughly dissolve it. A 
definite quantity of the halogen salts of either sodium or 
potassium is then added to this gelatin solution. The 
halogen salt most commonly used for negative emulsions is 
POTASSIUM BROMIDE. (Nore: The halogen salts added to 
gelatin solutions to form light sensitive emulsions are either 
a chloride, a bromide, or an iodide.) The potassium bromide 
is stirred uniformly into the gelatin solution. When the 
gelatin bromide solution has been thoroughly mixed, a 
quantity of silver nitrate is dissolved in water and added to 
the solution in just the right amount to combine with the 
potassium bromide previously added. The product formed 
by adding silver nitrate to the gelatin bromide solution is 
sensitive to light. Therefore, the silver nitrate is added to 
the solution in the dark. 

The silver nitrate has a great attraction for the halogen 
element, potassium bromide, in the solution and combines 
with it to form a SILVER HALOGEN SALT OR HALIDE. The 
silver halogen, the halide, formed for use in negative emul- 
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sions iS SILVER BROMIDE, but in the most sensitive emulsions 

‘it is SILVER BROMOIODIDE. Silver bromide is insoluble in 
water, and it is visible as either a white or pale yellow deposit 
all through the gelatin which keeps it dispersed and prevents 
it from settling out of the solution. 


The newly formed emulsion is now ready for ripening. It 
is heated and chilled as often as required to give the degree 
of sensitivity wanted. After ripening, the emulsion solution 
for negatives is cooled, set to a jelly-like consistency, shredded, 
and the soluble salts removed by washing with cold water. 
The excess potassium bromide and the other elements in the 
solution which combine to form the excess soluble salts are 
not needed in the finished emulsion. 


The washed emulsion is heated again for further ripening 
and the addition of various special agents. The agents 
added include hardeners, antifoggants, preservatives, and 
more gelatin. Sometimes COLOR SENSITIZING DYES are added 
at this time to obtain selective sensitivity to various colors 
of light. 


PoQTASSIUM IODIDE.—The addition of small amounts of 
silver iodide to an emulsion is considered essential in the 
production of high-speed emulsions. Pure silver iodide is the 
least sensitive to light of all the halides, but the addition of 
a little potassium iodide to the emulsion increases its sensi- 
tivity. Potassium iodide in the amounts commonly used 
does not form individual silver iodide grains. It goes into 
solution with the bromide and enlarges the size of the silver 
halide grains. Furthermore, the color sensitivity of bromo- 
iodide emulsions shifts toward the longer radiant energy 
wavelengths, yellow, orange, and red, with increased per- 
centages of iodide up to approximately thirty percent. 


Ammoni4.—In the manufacture of the highest speed emul- 
sions, ammonia is also frequently used. It may be added to 
the gelatin bromide solution before the silver nitrate, with 
the silver nitrate, or after the crystals of silver halide have 
been completely formed. Ammonia aids in the formation 
of larger crystals. If it is added after the silver nitrate, no 
change is made in the crystal size-frequency, but it does 
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facilitate the formation of sensitizing nuclei or specks on the 
silver halide grain. 

GELATIN.—The unique superiority of gelatin in the photo- 
graphic emulsion over other colloids, such as albumen, agar, 
and casein, is due to its physical properties and to its favor- 
able influence on the sensitivity of the silver halide. Of pri- 
mary importance is its inherent property of easy reversi- 
bility from the liquid form to a solid at convenient tempera- 
tures. This property makes it possible to prepare an emulsion 
which can be spread or coated, on film base, paper, or glass. 
Then it can be chilled and dried to form the medium which 
holds the suspended silver halide grains uniformly distrib- 
uted and permanently in position on the base. Furthermore, 
gelatin will allow the free passage of the solutions used when 
the time arrives to develop the exposed emulsion. 

Indirectly, gelatin contributes importantly to the sensi- 
tivity of the silver halide grain. The pure silver halide grain 
is comparatively insensitive to light regardless of the halide 
used or the size of the crystal. The emulsion ripening process 
decomposes small quantities of certain types of organic com- 
pounds in the gelatin which contain labile sulfur. As a result 
of this process the sensitivity of the emulsion is increased 
several times due to the formation of sensitivity specks com- 
posed of SILVER SULFIDE on the surface of the silver halide 
crystals. 

In addition to the action of gelatin as a sensitizer and a 
mechanical binder it acts as a protective colloid. For ex- 
ample, if silver nitrate is mixed into a solution of potassium 
bromide which contains no gelatin, the insoluble silver bro- 
mide will rapidly settle out of solution. A standard photo- 
graphic developing solution will reduce unexposed silver bro- 
mide, in the absence of gelatin, to metallic silver. But when 
a small amount of gelatin is present, it holds the silver bro- 
mide particles uniformly dispersed, which prevents settling; 
and it also prevents any action by a developer until the par- 
ticles of silver bromide have been rendered developable either 
by exposure to light or by some chemical action. 

MELTING POINT OF GELATIN.—-At this point in the discus- 
sion of the emulsion, it would be appropriate to mention the 
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melting point of gelatin, and also the photographic emulsion, 
because it is of major importance even in routine processing. 

Pure untanned, unhardened gelatin will melt at 95° F. in 
pure water, but most emulsions are given a hardening treat- 
ment which raises the average melting point to approximately 
105°-115° F. Excessive hardening, however, reduces the 
swelling property of the gelatin and deters the developing 
solution from evenly penetrating the emulsion. 

Processing solutions for negative materials contain varv- 
ing amounts of saline concentrations which cause the emul- 
sion to swell and shrink continually during processing. This 
action alone stresses the elasticity of an emulsion to the ut- 
most. Therefore, it has been found that the safe processing 
temperature should be at least 20° F. below the melting 
point of gelatin in pure water. 


Summary 


A brief summary of the important steps in the preparation 
of the negative emulsions indicates the following procedures: 
1. A portion of the required gelatin for a particular emul- 
sion is soaked in water until swollen and then dissolved by 
heating. 

2. A solution of soluble bromide and iodide, with or with- 
out ammonia, is added and thoroughly mixed into the gelatin 
solution. 

3. A quantity of silver nitrate is then dissolved in water 
and added; the rate, temperature, and all other factors are 
carefully controlled which produces fine silver bromide or 
bromoiodide grains uniformly dispersed in gelatin. Note: 
When step three is completed the solution is called an 
EMULSION. 

4. To recrystallize the silver bromoiodide, and to fix the 
size-frequency of the distributed silver halide grains, the 
emulsion is heated to temperatures which range from 120° F. 
to 175° F. This step in the process is called RIPENING. 

5. More gelatin is added and mixed with the emulsion, and 
then it is chilled. 

6. The chilled emulsion sets to a jelly-like form. It is then 
shredded into small noodles. 
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7. The shredded emulsion is washed in running water 
which removes the excess salts. 

8. The washed emulsion is heated again to aid the forma- 
tion of sensitizing specks on the silver halide grains. This 
step is called AFTER-RIPENING since the sensitivity of the 
emulsion is increased. 

9. At this time special agents are added to the emulsion, 
including the substances which facilitate coating. 

10. Then the emulsion is spread, or coated, on the sup- 
porting base. 


Bases or Supports 


To use negative materials effectively requires some knowl- 
edge of the supports on which the light-sensitive emulsion is 
coated. Bases for these materials (glass plates and cellulose 
derivatives) will be discussed here from the viewpoint of 
requirements and properties. 

The base or support for a light-sensitive material may be 
transparent, translucent, or opaque, depending upon how the 
recorded image is to be used. Generally, all negative ma- 
terials are made on a transparent base and all light sensitive 
emulsions for use as positive materials are coated on a trans- 
lucent or opaque base. Thisis not always true. For example, 
the FILMS shown in motion picture theaters, color trans- 
parencies, and lantern slides are positives on a transparent 
base. 

Originally, the word film designated a thin, flexible, trans- 
parent material coated with a light-sensitive emulsion for 
making photographs. This type of material is used in a 
camera, it records a negative image, and must be reproduced 
on positive material to produce a photograph. Nevertheless, 
the word FiuLM, for purposes of uniformity and clarity, is pro- 
fessionally established as designating a negative making ma- 
terial whether it is made on glass, paper, or film. except in 
special cases which are self-explanatory. The main purpose 
of the base, regardless of the process, is to support and hold 
the emulsion in place. 

GLASS PLATES have been used as a light-sensitive emulsion 
support for negative and some positive materials since the 
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earliest days of photography. For many years it was the only 
photographically inert support that fulfilled the requirements 
of transparency and stability. That is, glass produced no 
harmful action on the light-sensitive emulsion, on the ex- 
posed silver compounds, or on the developed image. It does 
not swell when placed in the processing solutions, and there 
is no shrinkage when drying. 

Glass is still used for special purposes where rigidity and 
freedom from expansion and contraction are important such 
as in various forms of photogrammetry and for lantern slides. 
But it has the disadvantages of bulk, weight, inflexibility, 
and it is easily broken. Consequently, glass has been largelv 
replaced for most purposes by the more convenient cellulose 
films. 

Fito BAsE for light-sensitive emulsions is composed of 
cellulose derivatives which are mixed with a plasticizing ma- 
terial. The function of the plasticizer or solvent is to improve 
the flexibility, help keep the film transparent, and in some 
cases reduce the burning rate of the base. 

The strong, tough, and flexible films have an advantage 
over glass because they simplify the problems of handling, 
camera operation, and storage where quantities of photo- 
graphs are involved. However, films are not completely inert 
since they all swell to some degree in photographic solutions 
and shrink when drying. These slight dimensional changes 
are of no major importance in regular photographic work. 
And specially treated film bases are available in which the 
dimensional changes have been minimized and equalized to a 
measurable degree. Then for precision reproduction where 
accurate measurements are necessary, this special processed 
unilateral shrinkage base is used. 

The requirements of film base for a satisfactory support are 
exacting as indicated by the following: 

1. Optically it must be transparent, free from haze or 
visible imperfections, and for some uses it must be colorless. 

2. Film base must also be chemically stable, moisture 
resistant, inert to and vet provide good adherence for an 
emulsion. . 

3. Physically it must be of ight weight, strong, tough, and 
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hard but not brittle. It must be stiff but also flexible, and it 
must have the required elastic and plastic properties. Fur- 
thermore, it must be tear resistant, dimensionally stable, and 
free from curl, buckle, and flute. (Flute is the opposite of 
buckle and occurs when the edges of film base become longer 
than the center portions. ) 

Several of these general requirements are mutually contra- 
dictory, and many compromises must be made when selecting 
a special film base for a particular type of photography. How- 
ever, the properties and particular characteristics of the film 
base can be varied widely in manufacture by changing the 
kind and concentration of the plasticizer and by control in 
the casting operation. Therefore, the general requirements 
listed above should be considered as illustrative only when 
studying any one particular type of film base. 

These general requirements, as you have seen, are so very 
rigid that relatively few materials have proven practical for 
film base. The film bases in use today include CELLULOSE 
NITRATE, CELLULOSE ACETATE, and other acid cellulose esters 
such 88 TRIACETATE. __ 

CELLULOSE NITRATE was the first satisfactory flexible 
support. developed for sensitized materials. The most 
common application of this base was in motion picture work 
which required a very stable base that would not be seriously 
affected by climatic conditions. It must also be strong and 
tough enough to withstand the mechanical strain and 
wear of many runs through a projector. 

This film base which is manufactured from plasticized 
cellulose nitrate is very dangerous to handle or store since 
it is highly inflammable. If it is ignited in a closely con- 
fined place, its inflammability borders on explosiveness. 
Furthermore, the fumes from burning cellulose nitrate are 
toxic. And at present there is a Federal law which bans 
interstate shipment of nitrate based films. 

Until 1949 there were no safety base films that could 
fulfill these requirements, but in 1951 the much improved 
acetate films began replacing nitrate especially where the 
fire hazard of nitrate bases was of consequence. 

CELLULOSE ACETATE films are usually called safety bases 
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since they have the advantage of low inflammability. 
They will burn or smolder but only as long as flame is in 
direct contact with them. When burning, its fumes are 
disagreeable, but not toxic. 

The commercial or standard group is the most generally 
known type of safety base films. This type is used for 
most amateur rollfilms, commercial sheet films, and film 
packs. The safety base swells during processing and 
shrinks while drying. The amount of expansion or shrinkage 
is not controllable, nor can it be measured accurately. 
This disadvantage, however, does not limit its use as the 
film base for commercial films. 

The thickness of commercial safety bases varies with the 
type of film and with the way in which it will be used. 
Rollfilms are usually thin and flexible, while the base for 
cut film is thicker and sufficiently stiff to remain flat. Two 
other types of safety bases for rollfilms are discussed under 
‘Aerial Films” in chapter 18. 

Commercial, slow burning, cellulose acetate, or safety 
films had several major disadvantages until 1937. Since 
then manufacturers have mixed acid cellulose esters with 
cellulose acetate. This process has given photographic 
films a greatly improved safety base. The major improve- 
ments of mixed cellulose esters and acetate in film bases 
compared with regular cellulose acetate is better flexibility 
and greater moisture resistance which means added dimen- 
sional stability. 

In 1939 the manufacturer’s methods and control of mixed 
cellulose esters and cellulose acetate produced a safety 
film base in which shrinkage and distortion was as satis- 
factory as cellulose nitrate. This type of safety film base 
is no more susceptible to moisture than the best nitrate 
aerial films, which have the same degree of uniaxialism. 
This safety film base was used throughout World War II 
for aerial reconnaissance work by the Allies. 

Charriou and Vallett of France are reported as claiming 
production of a nondeforming film base of cellulose tri- 
acetate. The linear dimensional change of this base is 
credited as not exceeding 0.015 percent. 
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The Eastman Kodak Company has developed an acetate 
film base for motion picture work which was trade named 
Triacetate, and it is equal to or better than the previously 
used nitrate. This triacetate film base is replacing the 
cellulose nitrate film base for standard motion pictures. 

SPECIAL ADHESIVE COATING.—Cellulose film bases do not 
have a surface that gelatin will stick to very readily. 
Therefore, it is usually given a special coating to prevent 
the emulsion from swelling loose or frilling when wet, and 
peeling or stripping when dry. The film base is given a 
thin coating of a solution composed of gelatin and cellulose 
which is dried prior to the emulsion coating operation. The 
cellulose in this coating provides good adhesion of the special 
coating to the base, and the gelatin deposits in the coating 
insures adhesion of the emulsion. 


Overcoating 


One type of dark streaks which sometimes appear on a 
developed film can be caused by the light sensitive surface 
being subjected to friction, scratches, or abrasion prior to 
development. The affected portions of the emulsion are 
rendered developable where stress occurs by mechanical 
action. This effect can be prevented to a large degree by 
applying a thin overcoating of clear gelatin to protect the 
emulsion. This overcoating or antiabrasion layer is used 
on amateur rollfilms and film packs because the emulsion 
surface of these films is abused even under normal condi- 
tions. This protective coating may also be applied to 
sheet and aerial films. 


Noncurl Coating 


A film emulsion swells when wet and shrinks when drying. 
This contraction produces a strain on a film base which has 
a high degree of flexibility and causes it to curl badly. A 
coating of hardened gelatin, approximately the same thick- 
ness as the emulsion, is coated on the back of most films to 
counteract their tendency to curl during drying. This 
ANTICURL BACKING will contract equally, but in the opposite 
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direction since it is on the other side of the film. This 
reduces curling by practically balancing the shrinkage 
strains. For roll and sheet film this backing is usually 
gelatin, but roll motion picture films are controlled by 
treating the back of the base with solvents or a cellulose 
ester solution to also reduce the static electrical discharges 
when the roll is unwinding. This coating is referred to as 
the noncurl or anticurl backing although it sometimes con- 
tains the antihalation dye. 


Antihalation Backing 


The antihalation dye, sometimes incorporated in the 
anticurl backing, is a thin layer of dye which is coated on the 
anticurl backing to prevent REFLEX HALATION. This form 
of halation is the halo or bright image circle which can be 
seen sometimes around the photographic image of a bright 
object. 

Halation is produced when light, which has passed through 
the emulsion, is reflected back into the emulsion by the 
surfaces of the base so that it forms a secondary, scattered, 
circular image of a bright image point. 

The dye used to eliminate halation is the color to which 
the emulsion is least sensitive so the light that is reflected 
back into the emulsion will have little or no harmful effect. 
A black dye would be the ideal answer, but there is no known 
black dye that would be dissolved or completely bleached 
by the normal processing solutions. The antihalation dye 
used is soluble in water and it is dissolved throughout the 
normal processing. The nonhalation properties of motion 
picture film are obtained by either of two methods: First, 
by using the regular dye backing; and second, by adding a 
light absorbing material to the cellulose solution before the 
film base is cast. The latter process produces what is called 
the GRAY BASE FILMS. 

A very popular practice with most American manufac- 
turers of professional sheet film is to increase the amount of 
light absorbed by the emulsion in addition to adding the 
antihalation dyes. This is accomplished by double coating 


187 


the emulsion. The first emulsion layer coated on the base 
is a very slow blue-sensitive type. Then the regular emul- 
sion coat is applied. The slow emulsion next to the film 
base normally forms no image. Its only purpose is to 
absorb the light which passes through the regular emulsion. 


Sheet Film Identification 


Sheet film is an individual piece of film which must be 
loaded into a holder before it can be exposed in the camera. 
Previously this type of film was called cut FILM and it is 
still often referred to in this way. 

Sheet film is notched with one or more notches on one end 
near the edge of the film. These notches are used to identify 
the type of film and to help determine the emulsion side in 
the darkroom. 

The size, shape, ana number of notches vary with each 
film manufacturer and obviously with the type of film. They 
are standardized, however, as to their location. When the 
sheet of film is turned and held so that the notched corner 
is on the right-hand side of the upper end, the emulsion side 
is up. This is illustrated in figure 5-1. 

The Navy uses many types of film. It is not necessary to 
memorize all the identifying reference notches. The Photo- 
Lab-Index, NavAer 10—-1-510, and the information sheet 
which the manufacturer places in each package of film has 
the identifying code notches listed. It would be advanta- 
geous, however, to be familiar with four or five types most 
commonly used in the photographic laboratory. 


FILM CHARACTERISTICS 


The photographic performance of films depends largely 
on the particular properties of the emulsion used. Its 
SENSITIVITY TO LIGHT, RESPONSE TO VARIOUS COLORS OF 
LIGHT, CONTRAST, EXPOSURE LATITUDE, GRAININESS, and 
RESOLVING POWER are all variable characteristics. Some 
consideration should be given to each of these character- 
istics when determining which type of film is best designed 
for the work at hand. 


NOTCHING CODE EASTMAN FILM 


— WAAS] Kodachrome (Daylight Class M) 
Too AS V1 «~Kodachrome (Tungsten Class M) 
oN AS NST «Contrast Process Ortho (Class G) 
TAA Sf |= Commercial Ortho (Class E) 
—o—\VAS/-] Super Speed Ortho (Class D) 
SONAL] «(Super Ortho Press (Class B) 
TTS NS NS 1 CPortrait Pan (Class A) 
oY NAAS TS CPanatonic—X (Class A) 
TN NINA ~Contrast Process Pan (Class H) 
— WA VLAS 1 Super—X (Class L) 
oh AAS I OTri—X Pan (Class N) 

a —\ f 1 ~sInfra-red film (Class K) 


ANSCO FILM 
—\/_LSI-Y_\Z1~—Ss Ansco Color Film (Daylight 
Class M-2) 
~ WLW 1 sAnsco Color Film (Tungsten 
Class M-3) 


VV Vd] Commercial Ortho (Class E) 
VW WY V1. SSS Ortho (Class B) 


~~ \f" |] “Supersensitive Plenochrome 
(Class D) 
SAAS 7] Process (Clase'G) | 
—-_ ff} Super Pan Portrait (Class A) 
——LS-LILSI-LS1 Commercial Pan (Class H) 


Lj l [ | Super Pan Press (Class L) 


Figure 5—1.—Sheet film reference notches. 


There are many types of negative materials available. 
Each differs from the others in one or more photographic 
characteristics. The photographer must be acquainted with 
all the important differences. This knowledge will enable 
him to make an accurate selection of the most suitable 
negative material for each assignment. Therefore, the fol- 
lowing discussions are concerned with the various factors of 
negative materials that make them suitable for specific 
purposes. 


Light and the Emulsion 


The many and varied applications of light-sensitive ma- 
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terials are due to the behavior of the individual silver par- 
ticles, silver halide crystals, that are suspended in the 
emulsion. The silver halides in negative materials are 
extremely sensitive to light and they can store up the action 
of a very small amount of light. The stored up action of 
light, after the film has been exposed in the camera, is 
referred to as @ LATENT IMAGE. The effect of this stored up 
action of light can be increased many times by the developing: 
solution. The latent image has never been detected in the 
emulsion by any means other than by increasing its action 
with a developer which makes it visible. Photography is 
concerned primarily with light-sensitive compounds of silver 
and sensitizing dyes in the solid state which are suspended 
in the emulsion. 

Energy due to radiation is absorbed in very small amounts. 
The amount of effective energy varies directly with the fre- 
quency of the light. The short wavelengths have the 
highest frequencies, hence the shorter wavelengths are more 
energetic than longer wavelengths. The light-sensitive 
silver compounds absorb varying amounts of this energy 
within certain ranges. Therefore, the reaction of the emul- 
sion to light energy absorbed varies with the frequency. 
Since the colors of visible light change with frequency 
changes, the various emulsions are named or graded accord- 
ing to their response to different colors. Some emulsions 
react to a wide range of wavelengths whereas others are 
affected by only a narrow band of wavelengths. The reac- 
tion of the emulsion to different colors is termed coLOR 
SENSITIVITY. 

The rate in which the emulsion reacts to certain frequen- 
cies of radiation is greatly affected by the intensity of the 
light and by the size range of the silver halide crystals. 
Furthermore, when substances such as gelatin, silver nitrate, 
halides of potassium and ammonium are added to natural 
silver halides they become more sensitive to the action of 
light. These materials are known as sensitizers because 
they speed up the reaction of the emulsion to light. The 
inherent property of an emulsion to respond to the action 
of light is evaluated and termed EMULSION SPEED. This 


190 


property of the emulsion is described in detail later in this 
chapter. 


Sensitivity to Light 


The normal sensitivity of silver halide in an ordinarily 
prepared emulsion is limited to the blue, the violet, and the 
visible ultraviolet regions of the spectrum., The degree of 
sensitivity to blue, violet, and ultraviolet varies slightly with 
different silver halides, nevertheless, all silver halides are 
insensitive to green, yellow, and red. Consequently, the 
pure silver halide emulsions are termed COLORBLIND, since they 
reproduce colored objects in a different tonal brightness 
range than seen by the eye. 

The addition of photographic sensitizing dyes (cyanides) 
to ordinary silver halide emulsions has increased their sensi- 
tivity to approximately the same spectral region as absorbed 
by the eye. Increasing the emulsion’s sensitivity to light of 
longer wavelengths by dyeing, staining the silver halide crys- 
tals, is called OPTICAL SENSITIZATION. The increased sensi- 
tivity gained through the normal emulsion ripening process 
should not be confused with optical sensitization, since the 
added sensitivity within the ripening process is confined to 
the spectral region absorbed by the silver halides. Optically 
sensitized emulsions are prepared by adding the sensitizing 
dyes in solution to the ripened emulsion just prior to coating 
them onto the base. 

When the pure silver halide emulsion is exposed to the long 
wavelength radiations no energy is absorbed, to any develop- 
able degree, and no change is induced in the silver halide 
crystals. The function of the sensitizing dve is to absorb 
the longer wavelengths and to transfer the effect to the silver 
halide which produces the same action as direct absorption 
of light. 

The photographer’s primary interest in optically sensitized 
emulsions is in the added sensitivity bevond that of the 
unsensitized emulsion. This type of sensitization may be 
obtained over a wide range of the spectrum by adding mix- 
tures of sensitizing dyes, each of which sensitizes strongly at 
different wavelengths. For some types of photography an 
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emulsion having a high sensitivity to a narrow band of the 

spectral region is advantageous. For example, this type of 
sensitivity is desirable for infrared photography. Modern 
emulsions can be rendered sensitive to all wavelengths from 
the normal absorption band of silver halide throughout the 
visible spectrum and far into the infrared region by the use 
of suitable dyes. The different types of emulsions in use and 
their individual SPECTRAL SENSITIVITY differences are dis- 
cussed in the following section of this chapter. 


Color Sensitivity 


The differences in the response of light sensitive materials 
to the various radiant energy wavelengths constitute the 
term spectral sensitivity or COLOR SENSITIVITY. This is a 
very important characteristic of negative materials, since 
it determines to a large extent the tones in which colored 
objects will be reproduced. 

The method most commonly used for comparing the color 
sensitivity of different negative materials is by illustrating 
“their individual characteristics with 8 WEDGE SPECTROGRAM. 
A wedge spectrogram is essentially a graphic curve represent- 
ing the spectral sensitivity of an emulsion and its degree of 
sensitivity to a light of a particular quality. Figure 5-2 is 
made up of spectrograms which depict the color sensitivity 
of Kodak negative material types to artificial light. 

The normal human eye responds to light which, if ex- 
pressed in terms of wavelengths in air, ranges from approxi- 
mately 400 to 700 millimicrons. That is, its sensitivity 
begins in the violets and extends through the blues, greens, 
and reds. However, the sensitivity of the eye is not the 
same for all wavelengths. Part (A) of figure 5-2 is a graphic 
curve which represents the relative response of the eyes at one 
illumination level. This wedge spectrogram shows that the 
eve has maximum sensitivity in the blue-green and yellow- 
green positions of the curve. 

The final image obtained from regular negative emulsions 
consists of a series of gray tones ranging from a light to a 
dark grav. There is nothing contained within such an image 
to permit anv of the colors in the scene to be reproduced as 
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colors. This type of image depicts only the form, position, 
and brightness differences of a scene. ‘Then it is apparent 
that the total visual impression created by a multicolored 
scene cannot be reestablished with ordinary black-and-white 
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Figure 5—2.—Spectrograms showing color sensitivity of Kodak film types to 
tungsten light. 
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photography. Therefore, the film type responding most 
closely in the reproduction of scene color relationships is the 
better negative material. 

Negative emulsions have been divided into four general 
types or classes according to the way in which they render 
color differences as brightness differences. These four clas- 
sifications are MONOCHROMATIC, ORTHOCHROMATIC, PANCHRO- 
MATIC, and INFRARED emulsions. All silver halides, it 
should be recalled, are sensitive to ULTRAVIOLET radiations. 

MONOCHROMATIC EMULSIONS.—Films coated with this 
type of emulsion are termed colorblind or noncolor sensitive. 
These emulsions have the basic sensitivity range of normal 
silver halide which responds to ultraviolet, violet, and blue 
light. This type of film is not sensitive to green, yellow, or 
red, and it reproduces all of these colors as being dark 
unlighted areas. Part (B) of figure 5—2 illustrates the sensi- 
tivity of monochromatic films to tungsten light. 

Because of the unnatural appearance of most subjects 
when photographed on noncolor sensitive emulsions, these 
films are now used only for special purposes where natural 
color rendition is not important. There are several types of 
colorblind emulsions available today, but they are primarily 
used for photocopying or photomechanical reproduction. 

Colorblind film types used in the Navy are prRocgEss and 
COMMERCIAL. Process films are trade named KODALITH, 
REPROLITH, and KODALINE. Process films are very contrasty 
and are used to copy black-and-white line originals. 

Commercial is a norma] contrast film used to copy con- 
tinuous tone originals when the contrast of the original is not 
to be changed and color separation is not required. 

Process films are also termed SHORT SCALE films because 
they can reproduce a maximum of only 5 different tones. 
Commercial or LONG SCALE films can reproduce approximately 
130 different tones. This characteristic of films is also 
discussed under ‘‘Film and Filter Combinations” in chapter 
12 of this training course. 

ORTHOCHROMATIC EMULSIONS.—Orthochromatic films are 
sensitive to the unltraviolet, violet, blue, green, and yellow- 
green portions of the spectrum. These films are produced by 
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the addition of sensitizing dyes to the basic silver halide 
emulsions. They reproduce blues and greens as light, and 
reproduce red as dark, which more closely approaches the 
sensitivity of the eyes. However, they do not accurately 
reproduce the relative brightness seen by the eye. Part (C) 
of figure 5-2 is a typical example of how these films respond to 
tungsten light. 

The name orthochromatic (correct color) is from the Greek 
words ORTHOS Meaning correct and CHROMA meaning color. 
Another name for the same type of film, 1socHRoMaTIc 
(equal color), is also from the Greek—1so meaning equal and 
CHROMA Meaning color. Therefore, the names orthochromatic 
and isochromatic mcorrectly describe the color sensitivity of 
these films. 

Orthochromatic films available in the Navy have varying 
degrees of contrast and sensitivity. Their trade names 
usually contain the words CHROME or ORTHO. 

Process ortho, Kodalith ortho, and Reprolith ortho are 
very contrasty or short scale films used in copy work where - 
some separation is desired between the colors. 

Commerical ortho has normal or long scale characteristics, 
and it is used for copying continuous tone originals when 
color separation is desired. 

Verichrome is a medium-speed, long scale film (has normal 
contrast) which is used for general photography in sunlight. 

Superspeed ortho is a high-speed, long scale emulsion which 
is especially popular in commercial and portrait photography 
where red sensitivity is not required. 

PANCHROMATIC EMULSIONS.—Panchromatic films are sensi- 
tive to all the colors of the solar spectrum. The name PaAn- 
CHROMATIC (all color) is also from the Greek—PaNn meaning 
all and CHROMA meaning color. The addition of various 
sensitizing dyes to the emulsion has made these films sensi- 
tive to all the colors of the visible spectrum. Any group of 
light rays can be controlJed to better advantage with these 
films than with any other type of black-and-white film. 

This group of films has varying emulsion speeds from slow 
to very fast and all tonal ranges from the finest. to the most 
pronounced. To assist in the selection of the correct film. 
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for any type of work these films are divided into two general 
classes, and the classifications are based on color sensitivity. 

The first of these classes, sometimes referred to as ortho- 
panchromatic, is termed TyPpE B pANcHROMATIC. The wedge 
spectrogram, part (D) of figure 5-2, shows that its sensitivity 
follows closely the sensitivity of the normal eye. When this 
film is used, a black-and-white photograph is obtained which 
reproduces the various tones and hues of the subject in tones 
of gray approximately the same as seen by the eye. 

Panchromatic type B available in the Navy includes 
PROCESS PAN, COMMERCIAL PAN, and SuPER XX films. 

Process pan, which includes Kodalith pan and Reprolith 
pan, are short scale films which are used in copy work when 
complete color separation is desired. 

Commercial pan has normal contrast (long scale) and it is 
used for copying continuous tone originals that require color 
separation in tones. 

Panchromatic type B is a medium-speed, long scale film 
for general sunlight photography and portraiture. 

Super XX, except aerial Super XX, is a high-speed, long 
scale film used for general sunlight and tungsten-light 
photography. 

Type C pancHromartic film is often referred to as HYPER- 
PANCHROMATIC, since it is distinguished by having greater 
than normal sensitivity to the red end of the visible spectrum. 
(See part (E) in fig. 5-2.) These films are especially useful 
for tungsten-light photography, flash or flood, and for early 
morning and late afternoon photography. This is because 
early morning and late afternoon sunlight and flash or flood 
tungsten light are all predominantly red in available light. 

A typical type C panchromatic film used in the Navy, other 
than aerial Super XX, is Trr X PANCHROMATIC. This 
film has an extremely high-speed, long scaJe emulsion which 
is used when fast shutter speeds are required, or as stated 
previously, when the available light is predominately red. 

INFRARED EMULSIONS.— The color sensitivity range for an 
average infrared emulsion is illustrated by part (F) in figure 
5-2. Infrared films have a band of sensitiveness in the ultra- 
violet and blue, little or no sensitivity in the yellow-green 
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portions of the spectrum, and a second band of greatly in- 
creased sensitivity in the visible red and infrared. These 
films are very useful in military aerial photography and cer- 
tain types of experimental and blackout photography. 

ULTRAVIOLET SENSITIVITY.—Most light sensitive films 
respond to the longer ultraviolet radiations, but the gelatin 
in the emulsion absorbs some of the longer wavelengths and 
all of the invisible ultraviolet band. Then, only the visible 
ultraviolet region of the spectrum can be used for photog- 
raphy when using normal untreated light sensitive films. 

A subject can be illuminated with ultraviolet light and 
reproduced by using normal photographic film and procedure, 
if the film used has high blue sensitivity and good tonal 
separation properties. Therefore, the film selected from 
those available in the Navy should be a noncolor sensitive 
process or commercial. 

All films are sensitive to ultraviolet radiations, but in 
regular photography they are considered insensitive to these 
wavelengths because glass lenses and the gelatin in normally 
coated emulsions absorb a large portion of these radiations. 
When it is desired to use all of the ultraviolet band photo- 
graphically, a special lens made of quartz is used which will 
transmit ultraviolet hght. The film used must have a very 
thin emulsion coating, that is, much less gelatin is used 
than for regular emulsions. 


Contrast 


When a photographic material is exposed to light, some of 
the light sensitive silver halide grains absorb radiant energy 
which renders them developable. Upon development the 
silver halide grains, which were responsive to the action of 
light, are reduced to metallic silver. The number of trans- 
formed metallic silver grains remaining in the emulsion 
directly reduces the quantity of light that will pass through 
the developed film. 

The image the film produces has the same relative size 
and shape as the subject it reproduces. But the colors of 
the subject, instead of appearing as colors, are in shades of 
gray, ranging all the way from black to light gray, depend- 
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ing upon the brightness of the subject colors. A light colored 
object, however, appears dark and a dark colored object. 
appears light. In short, the image is reversed in its relative 
brightness. The reason for this reversed effect in brightness 
is that bright objects reflect more light than dark objects 
and therefore affect more silver halides in the emulsion. 
Hence, that area in the negative where the most silver 
halides are affected by light will be darker and denser. 

The amount of metallic silver deposited in the negative 
emulsion is referred to by the term pENsity. Density is 
used to describe the light transmitting qualities of the 
negative, since the absolute quantity of light that the 
negative will transmit is controlled by the thickness of the 
silver deposit. Therefore, THE AMOUNT OF METALLIC SILVER 
IN ANY AREA OF THE NEGATIVE IS KNOWN AS DENSITY. 

The difference in the densities of various areas in the 
negative is termed contrast. A bright area in the subject 
reflects a great amount of light causing a corresponding 
heavy density in the negative which is referred to as a HIGH- 
LIGHT. A dark area, such as a shadow, reflects very little 
light resulting in a corresponding thin density in the negative. 
The subject brightness between the lightest and darkest 
areas are also recorded on the negative in corresponding 
densities which are termed HALFTONES. THE DIFFERENCE 
BETWEEN THE DARKNESS OF HIGHLIGHTS AND THE BRIGHT- 
NESS OF SHADOWS IN THE NEGATIVE IS CONTRAST. NORMAL 
CONTRAST is represented by a full range of densities, includ- 
ing highlights, halftones, and shadows. HiGH CONTRAST 
does not have a full range of densities and consists of only 
highlights and shadows, with little or no intermediate tonal 
gradation. Low contrast has very little difference in 
densities. | 

As discussed earlier, film is manufactured with varying 
degrees of inherent contrast; that is, they may have either a 
long scale or a short scale emulsion. Hence, high contrast 
or short scale films are used to record a short range of tones 
like black and white, such as when copying line drawings. 
Medium and low contrast or long scale films are used to 
record a wide range of tones as in commercial or portrait 
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photography. Consequently, the proper selection of the 
film to be used should be governed by the contrast of the 
subject and the rendition desired. 


Latitude 


The inherent capacity of the negative material to record 
subject brightness differences as differences in density is 
termed LATITUDE. An emulsion capable of reproducing all 
brightness values from dark to very bright has wide latitude 
and, conversely, an emulsion which will reproduce only a 
narrow or short range of brightness values has poor latitude. 
Emulsions vary in this respect, but most normal contrast 
panchromatic films can reproduce a range of brightness 
differences which vary in intensity from 1 to 130. This 
means, if all factors which effect latitude are accurately con- 
trolled, that a highlight can be 130 times as bright as a 
shadow and the film will record all brightness differences as 
different gradations of density. The brightness range of 
an average scene, however, is about 1 to 32. Consequently, 
slight variations of the exposure above or below normal will 
produce an acceptable negative. 

The extent that the exposure can deviate from normal and 
produce an acceptable image is known as EXPOSURE LATITUDE. 
In most instances there is no one correct exposure but several 
possible exposures which will render printable negatives. <A 
short exposure, one that records an image, will utilize only 
approximately one-fourth of the emulsion capacity. Up to 
four times the short exposure will still record all of the 
average subject brightness differences. The only disad- 
vantage would be that longer exposures also produce greater 
overall negative density. However, it should be remem- 
bered that as the subjects brightness range increases the 
exposure latitude decreases. 


Graininess 


The photographic image is a mass of metallic silver. The 
metallic silver is formed by the developer which reduces the 
exposed silver halide crystals to metallic silver grains. To 
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the eye these grains appear as a continuous deposit. But 
when the image is enlarged a few diameters a speckled, 
granular, or mottled effect becomes apparent. This shat- 
tered appearance of the enlarged image has been called 
GRAININEss. With much greater enlargement the granular 
structure of the image can be seen. The individual grains of 
metallic silver are resolved at magnifications from 2,500 to 
25,000 times. 

The silver halide crystals in the exposed emulsion develop 
as individual metallic silver grains; but when grains are 
joined, or are very close together, they develop together as a 
group. The developability of one grain in a close group is 
sufficient to induce development of the whole group. The 
grouped grains are dense clusters with areas of lower density 
between them which renders the objectionable granular 
appearance. Group development occurs more often in high- 
speed emulsions than in the slower emulsions that contain 
smaller and more uniform grain sizes. Therefore, the grain 
structure of the image is said to be determined more by the 
emulsion type than by the developer. 

The graininess of an emulsion depends upon the size of the 
silver halide crystals in the emulsion and upon clumping of 
the silver grains during development. As a general rule, 
slow emulsions are fine-grained and fast emulsions are coarse- 
grained. The tendency of silver grains to clump during 
development can be reduced by using a fine-grained de- 
veloper. Therefore, an image which will be greatly enlarged 
should be recorded on a fine- or normal-grain emulsion, and 
developed in a fine-grain developer. However, any reduction 
in graininess as a result of using a fine-grain developer will 
also be accompanied by a loss in effective emulsion speed 
and in contrast. 


Resolving Power 


If a film is given a brief exposure with a straight-edged 
object placed in contact with the film, the line dividing the 
exposed emulsion from the unexposed portion will appear 
sharp to the eyes. But with little enlargement, an irregular 
line can be seen due to the granular image structure. A 
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longer exposure will increase both the density of the exposed 
area and the contrast between the exposed and unexposed 
areas. Hence, the line dividing the exposed and unexposed 
areas will now appear more diffused than granular. The 
diffused appearance is caused by the light scattering within 
the emulsion. The light is scattered into the unexposed area 
by reflection from the crystals of silver halide in the exposed 
area of the emulsion. If the exposure is increased, the 
spreading or diffused appearance of the line will become 
more pronounced. Light scattering caused by reflection in 
the emulsion is usually greater in fast, coarse-grain films 
than in the slow, more uniform, fine-grain films. Therefore, 
films which contain small regular grains in the emulsion will 
produce sharper images. 

RESOLVING POWER Is the term used to describe the inherent 
property of an emulsion to resolve (reproduce) fine detail in 
the image. It is closely related to the scattering of light in 
the emulsion but not completely dependent upon it. Re- 
solving power is expressed in terms of the number of lines 
per millimeter that can be individually distinguished in the 
photographic image. Hence, the smaller the distance 
between the individual lines that can be distinguished in the 
image, the higher the resolving power; or the more lines per 
millimeter, the greater is the resolving power. 

The resolving power of most films, with given conditions 
of exposure and development, will increase with subject 
contrast—for example, black lines on a white background. 
Howeyer, it varies with the length of exposure and with the 
color of the light in much the same wavy as does image sharp- 
ness. Therefore, resolving power is affected to some extent 
by the light spreading factor of the emulsion. 

Resolving power is comparable to several characteristics 
of film. It is affected by so many factors that no one factor 
is significant except when conditions are specified. The 
various characteristics of films have been discussed sepa- 
rately, but it should be understood that they are closely 
related to each other. Consequently, the information in 
table 5-1 should be a useful aid when selecting film for a 
special type of work. 
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Table 5—1.—Film characteristics. 





Speed Contrast Graininess Resolving power Latitude 
High______-_- Low___---- Large - - - -- Low _._---- Wide. 
Medium__-_-_- Medium___-} Medium____| Medium____| Medium. 
Low - _.-- 2) Bighvc2.2 Small _ __--- High______- Short. 


EMULSION SPEED 


Emulsion speed or film speed is the term used to express 
the degree of inherent sensitivity of an emulsion to light. It 
is directly related to the amount of exposure required to pro- 
duce a given result, and it may be defined as the reciprocal of 
the exposure needed to yield a desired density. Therefore, 
emulsion speed is a photographic property of practical im- 
portance since it has a direct bearing on the exposure required 
to produce a good image with negative material. 

Some emulsions are rated as slow due to the amount of light 
they require in order to yield a satisfactory image; whereas 
others are said to be fast because of the relatively small 
amount of light necessary to produce a satisfactory image. 
All types of available films have emulsions whose response to 
light action varies, and it is necessary to know the speed 
rating of the type in use to accurately determine the ex- 
posure necessary. Furthermore, exposure meters and 
exposure computers must be calibrated by some system of 
emulsion speed ratings. 


Exposure Index 


Prior to 1943 there were several recognized systems for 
rating emulsion speeds of negative materials. These were 
developed by exposure meter and film manufacturers, 
notably the Weston Electrical Instrument Corporation, 
General Electric, Ansco, and Eastman Kodak Company. 
Eastman, Ansco, and most other film manufacturers desig- 
nated Weston and General Electric emulsion speed ratings in 
the information sheet which accompanied each package of 
their films. These listings were necessary aids to accurately 
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compute exposure when using a Weston or GE exposure 
meter. 

During World War II the AMERICAN STANDARDS AsSsOcIA- 
TION On the recommendation of the armed services adopted 
a method of measuring and expressing emulsion speed that 
is now recognized as the standard by all exposure meter, 
film, and flashbulb manufacturers in this country. The 
numerical rating designating a given type of film is termed the 
ASA Exposure INpEx. The EXPOSURE INDEX is a numerical 
value assigned to a photographic emulsion for use in con- 
junction with exposure guides, exposure meters, and other 
devices designed to assist the photographer in computing 
correct exposure. It is derived from values which agree 
remarkably well with practical photography. These numeri- 
cal values are dependent upon but not interpreted as emulsion 
speed. | 

The ASA Exposure Indexes are an outgrowth of the in- 
vestigations by the Eastman Kodak Research Laboratories 
which were based on the exposure required to produce a 
satisfactory image with negative materials. They are 
obtained by dividing the emulsion speed by a value which 
includes two other factors: First, a calibration factor for 
exposure computing devices; and second, a safety factor 
used to compensate for normal variations in camera equip- 
ment and processing methods. ASA Exposure Indexes 
are intended for practical use in exposure determination when 
the film is processed as recommended by the manufacturer. 
Consequently, they will ultimately become the standard 
system for rating films, the bases for exposure meter cali- 
brations, and exposure determination. 

To list the various types of films and their ASA Exposure 
Indexes here is unnecessary, since the index of the film type 
the photographer is using can be found in the information 
sheet which the manufacturer includes in each package of 
film and in the Photo-Lab-Indez. 

The Photo-Lab-Indez, a standard stock item NavAer 10-1- 
510, is issued to each authorized photographic laboratory. 
It contains a complete collection of data and recommended 
procedures. The practical photographer does not know the 
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purpose or function of every factor or formula, but he knows 
where to find this information when it is needed. For 
additional information on exposure indexes see the Film 
Data Section of the Photo-Lab-Indez. 


Daylight and Tungsten Light 


The effective exposure index of an emulsion is not a con- 
stant factor since it depends to a large degree upon the color 
of light to which the emulsion is exposed. Daylight contains a 
very large quantity of blue light, while tungsten light is pre- 
dominately red. For this reason, it is necessary to give 
negative emulsions two individual exposure indexes. One 
index for daylight and another index for tungsten light. 

All negative emulsions have a higher index for daylight 
than for tungsten light due to the smaller percentage of blue- 
violet color in artificial illumination, The difference in the 
two exposure indexes is less, however, for panchromatic 
films which have a high sensitivity to green, yellow, and red 
light than it is for those films which have their highest 
sensitivity to blue-violet and green light. The obvious 
reason for this is that the panchromatic emulsion can 
utilize the yellow and red radiations which form the greater 
portion of artificial light. Review the section of this chapter 
on color sensitivity and refer to figure 5-2. Then it will be 
unmistakably clear how a non-red-sensitive film will neces- 
sarily have a lower exposure index for tungsten illumination 
than the predominately red-sensitive panchromatic film. 

The American Standards Association does not assign ex- 
posure indexes for light sources which do not have daylight 
quality. However, the film manufacturer calculates the 
photographic efficiency of artificial illumination with each 
type of emulsion. These values are listed as the TUNGSTEN 
EXPOSURE INDEX on the information sheet which is placed 
in each package of film. 


Film Group Numbers 


Prior to 1943 the most widely recognized standard of film 
speed ratings was developed by the Weston Sensitometric 
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Laboratories for use with the Weston Electrical Instrument 
Corporation’s exposure meters. This company will continue 
to publish their own system of film speed ratings as official 
Weston film speeds for use with Weston meters. Actually, 
there should be no difficulty when using black-and-white 
film emulsions because the ASA Exposure Indexes and the 
previously published Weston film speeds are very nearly 
equal in value. A table listing these two groups of exposure 
indexes for comparison is contained in the Film Data Section 
of the Photo-Lab-Indez. 

All film speed ratings, since they are only approximations, 
have always had small unavoidable differences which existed 
between emulsions of the same sensitivity. The Weston 
system took these variables into account by assigning a film 
speed rating which represented the average of A GROUP OF 
EMULSION VALUES. The value given the emulsion in the 
group listing denotes three different emulsion speeds. For 
example, Super XX panchromatic film was assigned a 
group number of 100 for daylight exposures. The group 
number 100 represents a series of values, 80-100—-125, which 
is actually three possible emulsion speeds. Then if the ex- 
posed and developed film is too thin or too dense when using 
the recommended middle value, the photographer should 
use one of the other values within the group that will give 
the desired density. The lower values in the group will 
produce more density in negatives than the higher values. 
However, it should be understood that this group number 
system of rating emulsion sensitivity does not apply to 
films which have poor exposure latitude such as reversible 
motion picture or color films. 


Color Sensitivity Group Numbers 


The ASA Spectral Sensitivity Index was adopted in 1946 
as the color response standard for black-and-white photo- 
graphic emulsions. It is based upon the sensitivity of these 
emulsions to the violet-blue, green, and red regions of the 
spectrum. 

The color sensitivity of an emulsion is indicated by a 
SPECTRAL GROUP NUMBER, and & SPECTRAL SENSITIVITY 
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INDEX. The group number is a broad classification of 
emulsion groups which may be expected to render colors 
similarly for practical purposes. The sensitivity index is 
the tested percentage response of an emulsion to the three 
spectral regions. ‘These percentage values show the relative 
color sensitivity differences of an emulsion. 

The group numbers, emulsion types, and index values for 
five emulsion classifications follow in table 5-2. 


Table 5—2.—Color sensitivity group numbers. 


Group Emulsion type 

number 
00 Monochromatic___.___..____---------- 
20 Orthochromatic____.__._____--_.-----_-- 
50 Superspeed ortho______-.._------------ 
66. Panchromatic type B__________--------- 
77 Panchromatic type C__._--_--.-------- 





SAFETY PRECAUTIONS 


Nitrate base motion picture films should not be used in 
high-speed motion picture cameras or in camera equipment 
which uses an electrical sparking system to produce timing 
markers on film. All activities should discontinue the use 
of nitrate base films, due to the hazards involved, for radar- 
scope photography. Photography Technical Bulletin, Nav Aer 
10-1 R-108, dated 31 December 1949, warned against the 
use of nitrate base films, except in cases of emergency when 
it may be impossible to obtain acetate base films for the 
above types of photography. 

Nitrate film bases, discussed earlier in this chapter, are 
made of nitrocellulose which is related to guncotton. They 
burn very rapidly and under some conditions may burn with 
explosive force. Large quantities of extremely poisonous 
fumes, nitrogen dioxide, are given off when nitrate film 
burns. Conventional fire-fighting masks are not effective 
when fighting nitrate film fires. 
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Nitrate film can be ignited by contact with a steam radiator 
or electric light bulb. It should not be permitted to come in 
contact with temperatures above 120° F. Furthermore, 
everyone responsible for these films should know that water 
is the only suitable extinguishing agent for a nitrate film 
fire. 

Films marked NITRATE should be stored separately in a 
vented fireproof vault protected by sprinklers. These 
vaults should conform to existing Navy regulations, direc- 
tives, and to the regulations of the National Fire Protection 
Association. Other films or photographic papers do not 
require fireproof storage. 


Film Handling Precautions 


Photographic sensitive supplies should be handled care- 
fully to prevent damage to their containers. A _ broken 
package will admit moisture and light. Moisture accelerates 
the deterioration rate of these materials which shortens their 
expected useful life, while accidental exposure to light will 
completely ruin them. Careless handling can also damage 
rollfilm reels and spools, magazines, and film packs beyond 
use. 

Condensation of moisture on the surfaces of cold film can 
be avoided by removing film packages from cold storage 
and ALLOWING THEM TO REACH ROOM TEMPERATURE BEFORE 
THEY’ ARE OPENED. The time usually recommended for 
large film packages is 24 hours, but small boxes of films should 
come to the average room temperature within 2 to 4 hours. 
If the package is taken from cold storage, opened, and sub- 
jected to rapid temperature changes, as from cool dry air 
to warm moist air, moisture or dew will form on the film 
surfaces. Moisture on an emulsion caused by condensation 
will leave marks that have every appearance of watermarks 
on processed film. A sufficient tempering period is neces- 
sary. However, if a tempering period is not practical, a 
small amount of stock should be kept out of cold storage for 
immediate use. 

Light-sensitive materials should be removed from their 
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containers in a room which is used for this purpose. The 
room must be lightproof, clean, and dust free. The bench or 
table on which the film handling operations are performed 
should be cleaned with a damp cloth. The hands must be 
clean, dry, and free from perspiration. Individual films 
should be handled only by the edges. Handle films care- 
fully, avoid contact with the emulsion surface and touch 
the base side only near the edges. Care in handling will 
prevent fingerprii.ts, abrasions, and scratches caused by 
holders, hangars, or other darkroom gear coming in contact 
with the film surfaces. Dust should be removed from dark- 
slides, film holders, and magazines outside of the handling 
room by brushing them with a soft brush. 

Film should be handled in total darkness or under suitable 
safelight illumination for all operations including loading, 
developing, and fixing. Safelights are discussed in- chapter 
7. The details on how to load film holders, magazines, and 
pack adapters are presented in the film accessory section of 
chapter 11. 

Be especially careful with film during processing since it 
becomes softened and swollen by the action of the solutions. 
When it is in this condition, it is very susceptible to damage. 
Detailed handling procedures should be adopted for each 
step of processing to reduce as far as possible the likelihood 
of causing such trouble as scratches, abrasion marks, and 
other negative defects. 

The use of a film drying cabinet with excessively hot dry 
air, over 100° F., increases clumping of developed metallic 
silver grains and causes the film to curl badly. Under these 
drying conditions the emulsion will also probably reticulate. 
The film drying cabinet temperature should not exceed 100° 
F. and the air should be adequately circulated. Films should 
not remain in the drying cabinet after the emulsion is dried 
because this will also cause the film base to curl. 


Storage Precautions for Unexposed Films 


Unexposed light-sensitive materials are perishable and 
subject to deterioration with age. Reduced emulsion sensi- 
tivity, increased fog, inferior tone reproduction, and a num- 
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ber of physical defects are all a result of improper storage 
which, in extreme cases, may render the material useless. 
Damage caused by unfavorable storage conditions cannot 
be repaired by subsequent favorable storage conditions. 


TEMPERATURE js a factor which must be controlled regard- 
less of how the photographic materials are packaged. For 
best preservation these materials should be stored between 
50° F. and 60° F. with a relative humidity from 40 to 60 
percent. Storing films in excess of 60° F. or in excess of 
60 percent relative humidity will gradually decrease the 
emulsion sensitivity and will increase the grain size. This is 
illustrated in the Photography Technical Bulletin, NavAer 
10-1RC-—506. 


REFRIGERATED storage facilities, large or small, should be 
employed, if necessary, to maintain the recommended tem- 
peratures. If cold storage space is limited, preference should 
be given to high-speed negative and color films. 


The RELATIVE HUMIDITY for sensitized products in storage 
should be maintained between 40 and 60 percent. Storage 
relative humidities, even a little above 60 percent, may in 
time cause serious damage. It should be borne in mind that 
it is the relative humidity and not the absolute humidity 
that determines the moisture content of film. Relative 
humidity is best measured with a wet- and dry-bulb ther- 
mometer. 

In areas where the humidity is usually high, films not 
properly stored will have a fungus growth which becomes 
visible after processing. 

EXPORT PACKAGED film is vaportight and watertight. 
Materials packed in this way are adequately protected from 
moisture vapor. Export packages should not be opened 
until the material is to be exposed, otherwise the moisture 
protection will be lost. 

DoMESTIC PACKING for films is moisture resistant, but not 
vaportight or watertight. All sensitized material packages 
not labeled as export packing should be assumed to be do- 
mestic packing. 

Unprocessed film in domestic packing should be stored so 


209 


that it will be protected from the following chemical fumes 
, or vapors: 

Formaldehyde 

Hydrogen sulfide 

Ammonia 

Illuminating gas 

Mercury vapor 

Industrial gases 

Military gases 

Carbon monoxide 

Solvents. 

Cleaning compounds 

Turpentine 

Carbon tetrachloride 

All light sensitive materials must be protected from the 
effects of X-ray radiation, radium radiation, and all radiation 
due to atomic fission. | 

It is important that correct storage of light sensitive ma- 
terials be given every possible consideration. Then each 
operating unit may derive the fullest advantage from all 
types of photographic film. 


Storage Stock Turnover 


Each package of photographic film is stamped with the 
manufacturer’s expiration date. The purpose of this date 
is to give an idea of the expected life of the film under average 
conditions. Improper storage will spoil these products long 
before the expiration date is reached, while favorable storage 
conditions can extend their useful life beyond the expiration 
date. 

Photographic film should be issued according to the expira- 
tion date and with due regard, insofar as is known, to the 
actual storage conditions to which they have been subjected. 
Films that have been stored under favorable temperature and 
humidity conditions should be issued in the order of the ex- 
piration date, that is, the earliest expiration dates first. If 
photographic film is known to have been stored under un- 
favorable conditions, it should not be used for early morning, 
late afternoon, or night missions which require maximum 
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sensitivity. Fresh film, which is the film having the latest 
expiration date, should be issued. 

Films that have passed their expiration date, or are sus- 
pected of having been stored impioperly, should not be dis- 
carded without being tested. This test should include 
making actual negatives with the questionable films. Some- 
times only partial impairment of speed or contrast will have 
taken place and the material will still serve adequately for 
training or other noncritical uses. In many cases a slight 
increase in exposure is all that is needed. 


QUIZ 


1. The silver halogen, the halide, formed for use in negative emulsions 
is 
a. silver bromide 
b. potassium bromide 
c. silver iodide 
d. silver chloride 


2. The primary purpose for having gelatin on film is to 
a. prevent film shrinkage 
b. hold the silver halides in place 
c. prevent film curling 
d. control color sensitivity 
3. A thin transparent gelatin layer applied over the emulsion of most 
negative making materials is termed 
a. cellulose acetate 
b. overcoating 
c. nitrate acetate 
d. antihalation backing 
4, The primary purpose of the gelatin coating added to the base of a 
photographic cellulose material is 
a. as a support for antihalation dye 
b. to counteract the curling tendencies of the material 
c. for the prevention of excessive scratches 
d. to prevent halation 
5. The antihalation backing on film helps prevent 
a. scratched film surfaces 
b. emulsion swelling 
c. light rays from being reflected back chrough the emulsion 
d. excessive scratching of the emulsion 
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10. 


11. 


12. 


. The notches in sheet film are put there for 


a. easier handling of the film 
b. identification of the film 
c. hanging the film up to dry 
d. holding the film in place 


. The reaction of the photographic emulsion to different wavelengths 


of light is termed 
a. emulsion speed 
b. optical sensitivity 
c. spectral sensitivity 
d. color sensitivity 


. The film which corresponds approximately to the color sensitivity 


of the human eye is 
a. noncolor sensitive 
b. panchromatic type C 
c. orthochromatic 
d. panchromatic type B 


. Orthochromatic films will Nor record pure spectral 


a. red 
b. green 
c. blue 
d. violet 
Which of the below listed films lie in the colorblind group? 
a. Commercial orthochromatic 
b. Photomechanical pan 
c. Super XX panchromatic 
d. Commercial 


Matcuo CoLuMN A WITH CoLuMN B 


A B 
Monochromatic emulsion a. Produced by the addition of 
sensitizing dyes to the basic silver 

halide emulsion 
Orthochromatic emulsion b. Sensitive to all the colors of the 

visible spectrum 


. Panchromatie emulsion c. Emulsion having the basic sen- 


sitivity range of normal silver 
halide 


. The extent that the exposure can deviate from normal and produce 


an acceptable image is known as 
a. exposure latitude 
b. film latitude 
c. exposure variable 
d. exposure range 
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15. 


16. 


17. 


18. 


A photographic emulsion has a resolving power of 45 when processed 
under specific conditions. ‘This means that 
a. the film has extremely fine grain and is able to record fine 
lines and detail 
b. this emulsion is capable of recording 45 equispaced black and 
white lines per inch 
c. this emulsion is capable of recording 45 equispaced black and 
while lines per millemeter 
d. the Bureau of Standards has tested this emulsion and has 
given this numerical expression of resolving power 


The amount of light that an emulsion requires in order to produce 
a satisfactory image is termed 
a. film speed 
b. emulsion speed 
ce. light sensitivity 
d. film sensitivity 
The graininess in an emulsion depends partially upon the size of 
the silver halides before development and partially upon the 
of silver grains during development. 
a. clumping action 
b. dispersion 
c. solubility 
d. nonsolubility 
For the best preservation of photographic emulsions they should 
be stored between 
a. 50° and 60° C. with the relative humidity between 40 and 60 
percent 
b. 50° and 60° F. with the relative humidity between 40 and 60 
percent 
c. 40° and 60° F. with the relative humidity between 40 and 60 
percent ; 
d. 40° and 60° C. with the relative humidity between 50 and 60 
percent 
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CHAPTER 





CHEMICAL MIXING 


Photography is essentially a chemical process. Other 
sciences are employed, especially the science of physics, but 
the photographer depends upon chemical processes to produce 
visible and permanent images. Therefore, it is important to 
review some of the properties of general chemistry before 
discussing the chemical substances used in photography. 

All substances occurring in nature are composed of a 
limited number of elements. (Ninety-two chemical ele- 
ments are known; but other elements having higher atomic 
numbers than uranium (No. 92) have been discovered by 
atomic bombardment.) An ELEMENT is a substance which 
cannot be divided into any substance other than itself. <A 
CHEMICAL COMPOUND is formed when two or more elements 
unite. This compound is a new substance whose appearance 
and action are usually much different from that of either 
element alone. The more common compounds number 
approximately 5,000; however, far more are known and new 
ones are discovered or made every year. Elements and 
compounds frequently occur naturally as MIXTURES (a 
complex of two or more elements). Sea water is an example 
of &@ NATURAL MIXTURE. ARTIFICIAL MIXTURES (a prepara- 
tion consisting of two or more ingredients), such as paints 
and druggist’s prescriptions, are also very common. See 
‘“Solutions,”’ discussed later in this chapter. 

Silver is an element. It cannot be separated into any- 
thing but silver. Chlorine is another element of vastly dif- 
ferent nature. But silver and chlorine will combine to 
form the chemical compound silver chloride whose nature 
is very different from that of either of the two elements. 
If desired, this compound can be divided into its original 
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elements again. The smallest division of a compound is 
& MOLECULE (Latin for ‘“‘a little lump”). The molecule can 
be divided into the elements of which it is composed. The 
smallest portion of an element is termed an atom. 

All substances, whether elements or compounds, occur in 
one of the three following forms or states: as a GAS, & LIQUID, 
ora soLip. At a given temperature and pressure an element 
or compound will have one of these forms. At other tempera- 
tures or pressures, or combinations of both, they may 
have a different form. For example, water is a liquid at 
ordinary temperatures, but it becomes a solid at low tempera- 
tures and a gas at high temperatures. When carbon dioxide, 
which is a gas at normal temperatures, is placed under great 
pressure, it changes to a solid and its temperature is lowered. 
Carbon dioxide in the solid form is known as dry ice. 


CHEMICAL STABILITY 


Most of the chemical substances used in the various 
solutions for photographic processes are either liquids or 
solids. Hence, a brief review of the stability of some of 
these chemicals will be in order. Some solid chemicals are 
crystalline in form and these crystals contain a definite 
quantity of water, termed WATER OF CRYSTALLIZATION. The 
amount of chemically combined water varies with different 
chemicals. A few of these chemicals retain their weight 
and strength without special care, but others do not. 


Efflorescence 


When some crystals are exposed to air, which is dry 
enough, they will give off their chemically combined water 
and break down into a powder form. Crystals of this form 
are termed EFFLORESCENT. This loss of moisture in a dry 
atmosphere, or the act of giving up the water of crystal- 
lization, is termed EFFLORESCENCE. 

No damage would be done if the loss of moisture was all 
that occurred. But at the same time that efflorescence is 
taking place, the crystals are also being oxidized (combining 
with the oxygen in the air) and forming new substances. 
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Therefore, it is necessary to prevent these crystals from 
being exposed to the air in order to keep them in the proper 
condition. 


Hygroscopic and Deliquescent 


Other crystals will absorb moisture when exposed to the 
air, and the weight of the crystals becomes heavier than 
normal. Crystals which absorb moisture from the air are 
termed HYGROSOPIC crystals. 

When some hygroscopic crystals are exposed to a very 
moist atmosphere, they will absorb enough moisture to 
form a saturated solution. (See a later section, ‘‘Solu- 
tions.”) This is DELIQUESCENCE. If this process is per- 
mitted to continue long enough, all the crystals will dissolve. 
Crystals that will finally absorb enough water to dissolve 
themselves are termed DELIQUESCENT crystals. 

There is no way to accurately determine just how much 
moisture has been absorbed by hygroscopic or deliquescent 
crystals, so the added weight cannot be allowed for when 
weighing out the desired quantity of chemicals. Hence, 
these crystals should not be exposed to the surrounding air 
for more than very short periods of time, if they are to 
maintain a standard strength in a given amount, which is 
a prerequisite for good photography. 


CHEMICAL FORMS 


Desiccated 


It is possible, by using special manufacturing processes, 
to remove all the water of crystallization from some chemi- 
cals thereby reducing them to a dry powder. Crystals 
that have had all of the chemically-combined water removed 
from them in manufacture are said to have been DESICCATED, 
and are known as desiccated or ANHYDROUS (without water) 
chemicals. 


Monohydrated 


— Occasionally part of the water of crystallization is allowed 
to remain in chemicals when they are manufactured. But 
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the amount of chemically-combined water remaining in these 
products is accurately indicated by one of the following com- 
bining forms: MONO, meaning 1 part; DUO, 2 parts; TRIO, 3 
parts; QUAD, 4 parts; PENTA, 5 parts; HEXA, 6 parts; SEPTA, 
7 parts; octa, 8 parts; Nona, 9 parts; etc. Other prefixes 
that are used to designate various multiple and submultiple 
units of measure are given later in this chapter under the 
Metric System of weights and measures. Thus, if one part 
of the water of crystallization remains in a chemical it is 
termed a MONOHYDRATED chemical. If ten parts of the 
chemically-combined water is left in the product, it is called 
& DECAHYDRATED chemical. 

The monohydrated chemical form (which is the most com- 
mon of the chemicals containing water of crystallization) is 
usually much easier to dissolve in a solution than the des- 
iccated form. However, a larger quantity of the monohy- 
drated form is required than is necessary when using the 
desiccated form. This is due to the weight of the water re- 
maining in the chemical. Consequently, it is especially 
important when making up solutions to note what physical 
form is being used. For example, 17 percent more sodium 
carbonate monohydrated is required by chemical weight 
than would be needed when using sodium carbonate desic- 
cated. Furthermore, twice as much crystalline sodium sul- 
fite is required to produce the same solution strength as 
desiccated sodium sulfite. 


Crystals 


Many chemicals will not take any form other than the 
crystal, cannot be desiccated, and must always be used as 
crystals. Some of them are often ground into a powder- 
like condition; yet they still contain the same amount of 
water of crystallization in every tiny particle of the powder 
that they had before being ground into powder. The pow- 
dering of crystals in this way helps to dissolve them more 
quickly. : 

The desiccated and the monohvdrated forms are much 
more superior to the crystals because of their greater strength 
and purity and their greater stability in storage without special 
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precautions. Chemicals having either efflorescent or de- 
liquescent properties must be tightly sealed to prevent de- 
terioration, while the only precaution necessary with desic- 
cated chemicals is to keep them free from dust and dirt. 


CHEMICAL PURITY 


The processes employed to produce visible and permanent 
photographic images involves chemical solutions and their 
many complex reactions. These reactions determine the 
quality and the various other properties of the photographic 
image. It should be easily understood how chemicals which 
are not pure could unbalance a solution so completely that 
it may spoil these images beyond repair. Therefore, only 
the chemicals of guaranteed strength, uniformity, freshness, 
and purity can be relied upon to produce images of uniformly 
high quality. 

Many manufacturers have enviable reputations for pro- 
ducing high quality chemicals. Hence, other than selecting 
chemicals with the proper grade of purity, the photographer 
is chiefly concerned with the finished photograph. 

Chemicals are manufactured in several grades of purity 
which are customarily indicated by the following designa- 
tions or symbols: 

A. R., oR ANALYTICAL REAGENT.—These chemicals have 
the highest chemical purity and were primarily intended for 
analytical purposes. This degree of purity is unnecessary 
for photography, but may be required in special cases. 

C. P., OR CHEMICALLY PURE.—These chemicals are free 
from all impurities detectable by chemical analysis. 

U.S. P., on UniTED States PHARMACOPOEIA.—This chemi- 
cal is recognized as having standard uniformity and purity. 

Puoto.—Chemicals which have this designation are spe- 
cially manufactured for photographic purposes. 

TECHNICAL.—Chemicals of this grade are not generally 
recommended for photography. However, many unmarked 
commercial grades of chemicals are of sufficient purity for 
photographic work. Technical and commercial grades are 
used primarily in manufacturing processes. 
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WATER PURIFICATION 


Purity of the water supply is not as critical as it might 
appear. If the water is suitable for drinking, and if it tastes 
reasonably well, it will most likely be satisfactory for most 
chemical solutions. However, in some localities the water 
may contain so much dissolved mineral salts that it cannot 
be used for any purpose other than washing films and prints. 

Chemical analysis of a water supply will usually reveal 
very little concerning its usefulness for mixing photographic 
solutions. The best test is to prepare a solution using the 
suspected water and try it. Then compare the results with 
the quality obtained when the solution is mixed with distilled 
water. In many cases it will be found that the results will 
compare favorably with the photographic effects obtained 
when using distilled water in the solutions. If doubts exist 
concerning the water supply after the solution test has been 
made, it should be purified. The methods generally used to 
purify water are distillation, boiling, filtration, and chemical 
precipitation. 


Distillation 


Purifying water by distillation is usually impractical 
unless a good distilling plant is available. Distillation, 
when properly accomplished, produces the purest water. 
But stills of adequate capacity are costly, and the distilling 
process is slow. If distilling is not possible, laboratory tests 
should be made to determine what steps should be taken. 


Boiling 


The boiling process coagulates most colloidal vegetable 
and animal matter, throws off the gases the water contained, 
and changes calcium salts into an insoluble condition. If 
the boiled water is allowed to stand, the precipitated vege- 
table and animal matter and insoluble salts will settle 
Then, when the impurities have settled, the clear water can 
be poured off. Unless the water contains excessive quan- 
tities of dissolved salts, boiling will usually afford sufficient 
purification for photographic processes. However, the 
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actual test is to mix a developer with the boiled water and 
try it by comparison with a developer of the same type 
which has been prepared using distilled water. 


Filtration 


Filtering will not be necessary if the water and the chem- 
icals used in a solution are clean. Furthermore, as previ- 
ously stated, all precipitated matter will settle if the solution 
is allowed to stand. Therefore, filtering is usually un- 
necessary and sometimes undesirable, because during a slow 
filtering a developing solution may be oxidized so much by 
the air that it will be rendered unfit for use. If it is necessary 
to filter a solution, a clean fine cloth or absorbent cotton 
placed in a funnel will usually remove any sizing matter it 
contains. 

Filtration is used primarily to remove suspended or 
undissolved matter from the water supply. In small quan- 
tities, water may be filtered through a fine mesh cloth fitted 
into a funnel. Purification of water for photographic use 
may sometimes require a combination of both the boiling 
and filtration processes. 


Chemical Precipitation 


In certain instances it may be necessary to purify water by 
chemical means. To quickly clear water of slime and sus- 
pended particles, add 15 grains of potassium alum per gallon. 
This small amount of alum will not affect the action of pre- 
pared solutions. Alum, however, will not remove dissolved 
salts from water. Sodium oxalate, sodium phosphate, or 
sodium sulfite may be used to coagulate slime and precipitate 
calcium and magnesium salts. Solutions of these chemicals 
should be added to the water until there is no further precipi- 
tation. 

Hardness of water itself presents no serious disadvantage 
in compounding or using developers. Calcium salts cause a 
slight precipitation of calcium carbonate or sulfite, but after 
standing overnight the solution should be clear. Some 
waters contain impurities such as dissolved metallic sulfides 
and hydrogen sulfide. These. substances in a developing 
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solution cause fog, making the water unfit for use. Sulfides 
may be precipitated out of solution by the addition of lead 
acetate in the proportion of 1 gram per liter, or 25 grains per 
gallon. Water treated in this manner will usually be satis- 
factory to use. 

Sea water may be used to prepare processing solutions 
when no other source is available. The calcium and mag- 
nesium salts present may cause a sludge, which can be pre- 
vented by adding 2 to 5 grams of sodium metaphosphate, or 
Calgon, per liter. Sea water also contains chlorides and some 
bromides which may affect the low and medium activity 
developers, causing a required increase in developing times. 


SOLUTIONS 


Many chemical substances have no action when in contact 
with one another in the dry state. When they are dissolved 
in a suitable solvent, a chemical reaction begins immediately 
and continues until one is all used up, or until the solvent 
‘evaporates and leaves them dry again. Chemical solutions 
are prepared by dissolving a chemical substance in a solvent. 
The chemical being dissolved is termed the soLureE, while the 
liquid in which it is dissolved is termed the soLvENT. Water 
is the solvent used for most photographic solutions, so the 
word water is usually used in all descriptions and formulas 
instead of the term solvent. 

A solution may be defined, for photographic purposes, as 
a homogeneous liquid containing two or more distinct sub- 
stances. The maximum strength attainable in a solution has 
a natural Jimit which is determined by the solubility of the 
substance to be dissolved. For example, 100 parts of 
ordinary water at 68° F. will completely dissolve approxi- 
mately 36 parts of sodium chloride, common table salt. If 
more salt is added to the water at this temperature, it will not 
disso)ve, and the salt solution is termed a SATURATED SOLU- 
TION. Furthermore, the solubility of sodium chloride may 
be expressed by the value 36 since this is the maximum parts 
of salt that 100 parts of water will dissolve at normal temper- 
atures. See the photographic chemicals section of the 
Photo-Lab-Index for a table of solubilities of photographic 
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chemicals. Four types of solutions are generally used and 
each has its particular characteristics. 


Saturated Solutions 


A SATURATED SOLUTION is a solution containing all the 
chemical it will dissolve. The saturaTion PoINT changes 
with the temperature; the higher the temperature of the sol- 
vent, depending upon the solubility of the solute concerned, 
the more chemical it will dissolve. As the solution cools, 
however, the excess chemical above any given temperature 
saturation point will quite likely be thrown out of solution, or 
said to crystallize out. Therefore, a saturated solution will 
vary considerably in strength unless it is kept at the same 
temperature. This is not always possible, so this type of 
solution is not used to any great extent. It is commonly re- 
placed with the percentage solution, whose strength is the 
same at all usable temperatures. 


Percentage Solutions 


A PERCENTAGE SOLUTION is one which contains a definite 
number of parts per hundred of a chemical dissolved in a 
liquid, with both the chemical and the liquid measured by 
weight. For example, a 10 percent solution of sodium chlo- 
ride in water would be made by taking 10 units by weight of 
sodium chloride and dissolving it in enough water to make 
the total weight of the solution 100 units. This type of solu- 
tion is useful when measuring very small quantities of a 
chemical. Instead of trying to measure out 1 or 2 grains by 
weight, a given quantitv of a precentage solution of the 
chemical is taken, and the result is more accurate as well as 
more easily and quickly done. 


Stock and Working Solutions 


A STOCK SOLUTION is made up in concentrated (but never 
saturated) form and requires dilution with water or with 
another stock solution before it is ready for use. 

WORKING SOLUTION.—When a solution has been mixed or 
diluted to the proper concentration for use, it is called a 
working solution. A working solution is prepared by mixing 
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two or more stock solutions, or it may be mixed directly from 
a formula in the proper strength for use without dilution. 
Most film developing solutions are usually mixed as working 
solutions, whereas many developing solutions for prints are 
mixed as stock solutions which are diluted with water prior 
touse. Working solutions mixed directly from a formula are 
often made up in large volumes and stored in the same way as 
stock solutions, but they should never be confused with stock 
solutions. 

To insure that all processing solutions are mixed accurately 
the photographer follows closely a certain list of ingredients 
termed a FORMULA. The formula for a solution contains the 
chemicals to be used, the correct chemical form, the right 
amounts of all ingredients, the order in which the chemicals 
should be added to the solvent, the recommended tempera- 
ture of the solvent to correctly effect the process of solution, 
and the working time and temperature for each type of work 
the solution is designed to accomplish. By following the 
formula each process will come to its ending with exactly the 
results desired. Unless a formula and the recommended pro- 
cedures are followed, it will be impossible to duplicate a 
process with any degree of regularity or uniformity. 


WEIGHTS AND MEASURES 


The different svstems of weights and measures used in the 
United States, or the relationships of the various units to one 
another, may not be extremely simple by any means. There- 
fore, the photographer who plans to successfully prepare 
processing solutions from bulk chemicals will do well to con- 
sider a review of the systems of weights and measures. 

In photographic practice, solids are weighed by either the 
AvorrpDupotis or the INTERNATIONAL Metric SystEeM, and 
liquids are measured by the Unitep States CusTOMARY 
LiquiIp System or the Metric System. 


Avoirdupois Weight 


The avoirdupois system is graduated in grains, ounces, and 
pounds. 
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27.34 grains= 1 dram 
16 drams= 1 ounce= 437.5 grains 
16 ounces= 1 pound=7,000 grains 


U. S. Liquid Measure (Volume) 


The U. S. liquid measure is graduated in minims, drams, 
ounces, pints, quarts, and gallons. 


1 minim = 1/480 ounces 
60 minims=1 dram 
8 drams= 1 ounce= 480 minims 
16 ounces=1 pint 
2 pints=1 quart=32 ounces 
4 quarts= 1 gallon= 128 ounces 


The Metric System 


The basis of the metric system of weights and measures 
is a decimal system which employs the gram and meter as its 
basis. The unit of weight, or mass, is the GRAM and the 
METER 1s the unit of length. The measures of volume and 
weight are closely related to the meter because both of these 
measures were originally derived from the unit (the meter) 
of length. The Liter (the standard measure of volume in the 
metric system) is a cubic decimeter and the Gram is the 
weight of one cubic centimeter of pure water. 

Measures of distances, volume, and the units of weight 
are expressed in terms of the meter by decimal multiplication 
and subdivision. Prefixes are used to designate multiple and 
submultiple units as follows: 


Multiplication Subdivision 
Deca= 10 times Deci= one-tenth 
Hecto= 100 times Centi= one-hundredth 
Kilo= 1,000 times Milli=one-thousandth 


For example, a decimeter is one-tenth of a meter, and a 
decigram is one-tenth of a gram; while in metric liquid 
measure the cubic centimeter has replaced the milliliter, 
its equivalent, which is one-thousandth of a liter. The cubic 
centimeter is approximately equal to one twenty-eighth of 
one fluid ounce. 
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Metric Weights 


The metric system for weights is graduated in grams and 
kilograms. 
1 milligram = 1/1,000 of a gram 
1 centigram = 1/100 of a gram 
1 decigram = 1/10 of a gram 
1 gram=the unit of weight 
28.35 grams= 1 ounce= 437.5 grains 
1 hectogram = 100 grams 
1 kilogram = 1,000 grams= 2.204 pounds 


Metric Fluid Measure 


The metric system for measuring liquids is graduated in 
cubic centimeters and liters. 

1 milliliter=1 cubic centimeter = 1/1,000 liter= 16.89 minims 
1 liter= 1,000 cubic centimeters = 35.196 ounces 

Generally, very few of the metric system prefixes are 
applicable to photography. When the metric system is used, 
the usual practice is to write the multiples in full and the 
subdivisions decimally; that is, in the metric formula only 
grams, cubic centimeters, and liters are used, and the 
fractions are expressed as decimals somewhat like the United 
States currency system of dollars and cents. Film sizes are 
often expressed in centimeters or in millimeters. The liter 
is the metric unit of volume, or capacity, but the cubic 
centimeter and its multiples are much better adapted for 
solution mixing purposes. 

Many formulas for photographic chemical solutions are 
written in both the metric system and the avoirdupois 
system, thus providing a choice of the system to be used. 

Conversions from one system to another can be easily 
made by referring to the WeIcHTs AND MEASURES—CON- 
VERSION TABLE on page 226. 

The metric system represents the simplest system of 
weights and measures, and will be easy to use once the 
unfamiliarity of the units is overcome. The Navy usually 
uses the avoirdupois system for weights and the U. 8. liquid 
system to measure liquids. Nevertheless, the formula 
system used will depend directly on the type of scale available 
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WEIGHTS AND MEASURES—CONVERSION TABLE 


TEMPERATURE , ; ws ; 
CONVERSION | In photographic practice, solids ere weighed and 
SCALE liquids are measured by either the Avoirdupois or 
125 the Metric system. The following tables of weights 
and measures give all the equivalent values required 
for converting photographic formulas: 
120 
Avorrpupois To Metric WEIGHT 
Pounds Ounces Grains Grams  Kilograms 
1 16 7000 453.6 0.4536 
0.0625 1 437.5 28.35 0.02835 
1 0.0648 
0.03527 15.43 1 0.001 
2.205 35.27 15430 1000 ] 
U. S. Liqgum to Metric Measure 
Gallons Quarts Ounces Drams Cubic Liters 
(Fluid) (Fluid) Centimeters 
1 4 128 1024 3785 3.785 
0.25 1 32 256 946.3 0.9463 
l 8 29.57. 0.02957 
0.000975 0.0039 0.125 1(60 mins.) 3.697 0.003697 
0.03381 0.2705 1 0.001 
0.2642 1.057 33.81 270.5 1000 1 


SoLip CONVERSION VALUES 


Grains per 32 oz. multiplied by 0.06847 = 
grams per liter 
Ounces per 32 oz. multiplied by 29.96 = 
grams per liter 
Pounds per 382 oz. multiplied by 479.3 = 
grams per liter 
Grams per liter multiplied by 14.60 = 
grains per 32 oz. 
Grams per liter multiplied by 0.03338 = 
ounces per 382 oz. 
Grams per liter multiplied by 0.002086 = 
pounds per 32 oz 
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Lieuip Conversion Vatues (U. S. System) 


Ounces (fluid) per 32 oz. multiplied by 31.25 = 
cubic centimeters per ltter 

Cubic centimeters per liter multiplied by 0.032 = 
ounces (fluid) per 32 oz. 

em. X .3937 = inches inches & 2.5400 = cm. 
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for weighing. If the scale is designed in avoirdupois units 
(ounces, pounds, etc.), obviously, it will be necessary to use 
that system. 


Parts and Drops 


Some formulas use the word PaRTs as & measure. They 
may call for two parts of one chemical, one part of another, 
and any number of parts of water. This is frequently done 
when two or more stock solutions have to be combined to 
make the working solution. In such cases the word “parts”’ 
means that any convenient measure may be used, but that 
the same measure should be used for everything required by 
the formula. A part may be an ounce, a quart, or a gallon, 
depending upon the total quantity of working solution 
needed. 

The use of parts should not be confused with parts per 
hundred as used for percentage solutions, which is specified 
when measuring by volume instead of by weight. Many old 
formulas sometimes use the word parts when actually 
intending ounces by weight or by volume. All modern 
formulas use parts only when volume is to be measured. 

The formulas in some older publications also call for props, 
but drops are an extremely inaccurate means of measure- 
ment. The size of a drop of one solution will vary with the 
temperature and may have a different size than a drop of 
another solution. A drop of water at average temperature, 
measured with the average dropper or burette, is approxi- 
mately one minim in volume, or about one-twentieth of a 
cubic centimeter. Therefore, when small quantities of a 
chemical, under 10 grains, are given in modern formulas they 
are expressed as drams or cubic centimeters (cc.) of a per- 
centage solution, which avoids the uncertain quantity of 
volume by drops. 


The Hydrometer 


Another measuring device used in photography 1s the 
HYDROMETER. This instrument is used to measure the 
specific gravity of liquids. The scale may give the specific 
gravity directly, or it may be read in degrees which can be 
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converted into specific gravity if needed. The degree scale 
is the easiest to read, since the divisions are larger and more 
evenly spaced. The scale used in photography is graduated 
in degrees BaumE on which the specific gravity of water is 
zero. 7 

When a chemical is dissolved in water the specific gravity 
of the liquid is raised a definite amount. The hydrometer 
provides an accurate measurement when a certain strength 
solution is to be made from hygroscopic chemicals, because 
the chemically combined water is accounted for in reading 
the hydrometer scale. When the desired reading is reached, 
the solution has the required strength, and it is ready for 
use. The primary use of this instrument is in the prepara- 
tion of fixing baths. 


Measuring Temperature 


Processing solutions are prepared by mixing various 
chemicals in water at a specified temperature, which re- 
quires the use of one other measuring device, the THER- 
MOMETER. The common types of thermometers have scales 
which are graduated in degrees FAHRENHEIT or degrees 
CENTIGRADE. These two systems of thermometer scales 
are used frequently enough that both systems should be 
understood. These systems are listed and compared below: 


Degrees 
Freezing Boiling between 
Ty pe point of point of freezing and 
: water (degree) water (degree) boiling points 
Fahrenheit (F.)__--—- Cea ctost ete 32 212 180 
Centigrade (C.)_.._.__..___-_--- 0 100 100 


Conversions from one system to another can be easily made 
by applying the following formula and by using the temper- 
ature conversion scale on page 226. 
To change Fahrenheit to centigrade: subtract 32 and divide 
by 1.8. 
To change centigrade to Fahrenheit: multiplv by 1.8 and 
add 32. 

_From the formulas given above it is evident that each 
degree centigrade is equal to 1.8° F. Therefore, to change 
from one system to the other, both systems should be in 
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agreement at the freezing point of water and then multiply 
or divide by the factor 1.8 as the case may require. 


GENERAL CHEMICAL MIXING RULES 


There are a few commonsense rules by which photographers 
should abide when mixing processing solutions. The art of 
mixing chemicals seems simple enough, but even a slight 
error can change the working characteristics of some solu- 
tions. The principles of common cleanliness will prevent 
many chemical troubles, and being precise when weighing 
and measuring enables the photographer to accurately pre- 
dict the results of a process. Without cleanliness and ac- 
curacy many processes become guesswork and under such 
conditions a good photograph is an accident. 

Chemicals should not be mixed in areas where sensitized 
materials are handled or stored; chemical dust will ruin these 
materials if allowed to settle on them. THERE SHOULD BE 
ADEQUATE VENTILATION IN THE AREA WHERE CHEMICALS 
ARE MIXED. 

Containers 


Containers for photographic solutions should be made of 
a material which will not be affected by the chemicals. 
Glass is considered the best material, but stainless steel, 
known as 18-8, and enameled ware will serve well as trays 
and tanks for handling solutions. Enameled ware should 
not have any broken places on its surface since there is a 
reaction of the chemicals when they come in contact with 
materials such as iron, tin, etc. Hard rubber and glazed 
earthenware may be used satisfactorily for some purposes. 


Cleanliness 


All containers, graduates, scales, sinks, and every utensil 
used in the photographic laboratory should be clean at all 
times. As soon as work is finished with any item of equip- 
ment, it should be cleaned and returned to its place. If 
chemicals are spilled, clean them up as soon as possible. 
This will prevent corrosion and chemical dust which are. 
detrimental to sensitized materials. 
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Accuracy 


Prepared formulas are accompanied by written instruc- 
tions which should be followed implicity. When mixing 
solutions from bulk chemicals, follow the formula exactly. 
See that the scales are well balanced and make sure they 
will indicate small differences in weight. Check the weights 
carefully to insure that the correct amounts will be weighed. 
Keep the various chemicals called for by the formula in the 
correct sequence when dissolving them. 

There are several different sizes of graduates used in the 
laboratory. At least one of each of the following sizes will 
be found: 1 dram, 8 ounces, and 32 ounces or 1 quart. 
Larger measures may be made, if desired, by placing suitable 
marks on some of the larger utensils. 

When measuring liquids in a graduate, it should be held 
at eye level; and the solution poured into it until the surface 
of the liquid reaches the correct mark. The correct amount 
of liquid will be indicated by the lower of two visible lines 
at the top of the liquid. These two lines can be easily seen 
through the side of the graduate if it is held correctly. 


Adding Chemicals 


ALWAYS ADD CHEMICALS to the water or solution. Dry 
chemicals should be poured slowly into the water while it 
is being stirred. When preparing a developer, care should 
be taken while stirring so that air will not be beaten into the 
solution, because the oxygen it contains may prematurely 
oxidize the solution. If water is poured on dry chemicals, 
they will cake and form hard lumps which are difficult to 
dissolve. 

ALWAYS ADD ACIDS to the water. This is as easy to re- 
member as AAA (always add acid). It is dangerous to pour 
water into an acid. Some acids generate heat rapidly 
enough to cause boiling, or a splashing explosion, which may 
splash solution upon persons nearby. Acids will seriously 
burn the skin. Acids should always be poured into a solu- 
tion near the edge of the container while stirring the liquid 
rapidly. 
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Dissolve Chemicals Completely 


After accurately weighing the chemical, add it to the 
water while stirring, and continue to stir until the chemical 
is completely dissolved. Lumps or hard particles should be 
ground up, or crushed, with the stirring rod or with a pestle. 
Never add another chemical to a solution before the previous 
component has been completely dissolved. Sometimes there 
will be a residue which will not dissolve. The residue may 
be sand in the water supply, impurities in the chemicals, or 
other extraneous matter which found its way into the water. 
However, as stated earlier, if the solution is al!owed to stand 
for awhile these particles will usually settle and the clear 
liquid can be poured off. To eliminate sludge or dust par- 
ticles which may not settle, pour the solution through a 
funnel containing three or four layers of cheesecloth or 
absorbent cotton. 


Correctly Label Alll Solutions 


The container in which solutions are stored should be 
labeled correctly and completely. The label should state 
what the solution is, when mixed, and by whom, thereby 
avoiding any mistake in using it properly. A short note on 
the label concerning the use of the solution may also prove 
helpful. All chemical solutions should have space on their 
containers for the following information: name of solution, 
date mixed, and the name of the person who mixed it. 


MIXING PROCEDURE 


Chemicals for the preparation of photographic solutions 
are available in packaged and in bulk form. Packaged 
chemicals consist of the various components in the correct 
proportions for mixing specific processing soJutions. Pack- 
aged ‘chemicals include film developers of various types, 
paper developers, and fixing powders. For further informa- 
tion concerning the different packaged chemicals available 
refer to Navy Stock List of the Aviation Supply Office— 
FSC Group 6700A. 

Processing solutions can be mixed more easily and faster 
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from packaged chemicals because the time required for 
weighing or measuring the various constituents is saved. 
However, a greater variety of solutions can be prepared 
from only a small number of bulk chemicals by simply 
varying the number and proportions of their components. 
Furthermore, a number of very useful formulas, such as 
some correction baths, are not available in prepared form. 

When mixing processing solutions using prepared or pack- 
aged chemicals, it is very important to follow the manu- 
facturer’s instructions, especially as to the order of addition 
of the chemicals to water. Whenever specified, adjust the 
temperature of the water as this will aid in dissolving the 
chemicals. Add each portion of the package slowly and 
separately as called for by the directions while stirring the 
water. . 

When mixing solutions from bulk chemicals, it is necessary 
to follow the formulas and the instructions which accompany 
them. The order of mixing and the quantities of the chem- 
icals have been determined by numerous tests. If the 
quantities called for by the formula are changed, the prop- 
erties of the solution may be affected. Unless otherwise 
specified, a chemical should not be added to a solution until 
the previous one is completely dissolved. The solution 
should be stirred constantly to facilitate dissolving of the 
chemical. 


Water Temperature 


Many chemicals are very sensitive to heat and even 
moderate temperatures will seriously affect their chemical 
properties. These chemicals (potassium metabisulfite, 
sodium bisulfate, and ferric oxalate) should be dissolved only 
in coo) water and then added to the solution at the correct 
processing temperature, which is usually 68° F. However, 
the rate of chemical reaction increases with an increase in 
temperature, and all chemicals dissolve more readily in 
warm water than in cool water. Consequently many for- 
mulas recommend that water as hot as 125° F. be used to 
prepare the solution, which must then be cooled to the 
correct processing temperature. 
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If no specific temperature is recommended by a formula 
for the water in which the chemicals are to be mixed, the 
photographer will do well to consider the following facts. 
Some chemicals give off heat when they are dissolved in 
water, while others absorb heat. If they give off heat, cool 
water should be used for preparing the solution, but if they 
absorb heat, warm water should be used. For example, 
the caustic alkalis and acids give off heat. Sodium thio- 
sulfate absorbs heat. Most of the more commonly used 
chemicals, such as sodium sulfite, sodium carbonate, and 
potassium bromide, will produce only slight changes in the 
temperature of the water in which they are dissolved. 

All chemical actions are faster at higher temperatures 
than at low temperatures. A knowledge of the temperature 
of the solution in use is essential in the photographic proc- 
esses, especially in those processes in which time is also 
taken into consideration. The measurement of heat energy 
is conducted by observing the expansion of a gas or liquid 
as the temperature rises. Most photographers are probably 
more familiar with differences in degrees Fahrenheit than 
with the centigrade system. 


Use of Thermometers 


Thermometers may be constructed of glass or metal. 
The average glass thermometer consists of a bulb, con- 
taining either mercury or colored alcohol, attached to a 
capillary tube. This tube may be calibrated or it may be 
secured to a graduated scale. When reading the scale or 
calibration, the eye should be level with the top of the liquid 
column, otherwise the reading may be off as much as two or 
three degrees. This error is due to the refraction of the 
evlindrical magnifier which is built into the capillary tube. 

Navy equipped photographic laboratories have Weston 
metal dial type thermometers, which are made of corrosion 
resistant steel. They have along thin metal stem or rod with 
a circular dial indicator at the top. The dial is calibrated 
from 0° to 140° F. with an index mark etched at 68° F. 
The action of this thermometer is remarkably fast and the 
dial is easy to read. 
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Weighing Chemicals 


Two models of avoirdupois scales are usually available in 
photographic laboratories: A small laboratory type which 
will weigh from 1 grain to 8 ounces, and a larger portable 
table type which weighs from \% of an ounce to 25 pounds. 
The pans on these scales which hold the chemicals during 
weighing should be protected by covering them with clean 
sheets of paper. 

Regular writing or typing paper contains a small amount 
of sulfur which may contaminate some chemicals. The 
black paper used to separate individual sheets of cut film 
when it is packed contains no sulfur. This paper can be 
used to good advantage as scale pan covers. 

When using the smaller scales, they should be properly 
balanced with a paper of approximately the same size and 
weight on each pan, and the weights should be placed in the 
pan on the side toward which the sliding scale moves on the 
bar. The scoop capacity of the larger scales is much less 
than the weighing capacity of the scales. For this reason 
a compensating balance is attached to the scales so they can 
be properly balanced with or without the scoop. This 
balance should be set to read ‘‘scoop on’”’ when the scoop is 
being used, and it should read ‘“‘scoop off’ if the scoop is 
not in use. 

Balance both types of these scales with the cover papers 
in place, and then weigh the chemical. When this chemical 
has been added to the solution, discard the paper on which it 
was weighed. Use a clean piece of paper of the same size and 
weight for each chemical to be weighed. This procedure will 
insure that no trouble will occur from contamination during 
mixing, and will keep chemical dust off the pans of the scales. 
The scales should be throughly cleaned after use and 
returned to their proper place. 


How Percentage Solutions Are Prepared 


It is very important for every photographer to know how 
to prepare percentage solutions from both dry and liquid 
chemicals. When small quantities of chemicals (less than 
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10 grains) are required by a formula, they are usually 
expressed as a number of ounces, drams, or cc. of a percentage 
solution. A percentage solution indicates (as discussed 
earlier) the quantity of the chemical that should be dissolved 
in water to equal 100 parts of a solution of the desired 
strength. Percentage solutions are prepared from dry 
chemicals by one method and from liquids by another 
method. 

PERCENTAGE SOLUTIONS FROM DRY CHEMICALS.—To pre- 
pare a 10 percent solution of any dry chemical, dissolve 1 
ounce of the chemical in 8 ounces of water. Then add 
water to make 10 ounces. For example, a formula calls 
for 2 ounces ef a 10 percent solution of potassium bromide: 
dissolve 1 ounce of potassium bromide in 8 ounces of water 
and add water to make 10 ounces; then measure out 2 
ounces of 10 percent potassium bromide solution and add 
it to the solution to be prepared by the formula. 

Suppose, however, that only 5 ounces of a 10 percent 
solution of potassium ferricyanide is needed and the photog- 
rapher doesn’t want to keep an extra 5 ounces of this solution 
around until it is needed. This chemical is in the dry, 
crystalline form so he should multiply the amount wanted 
by the strength desired (as a whole number rather than a 
fraction) and then multiply the product by 4.4 (the con- 
version factor which gives the amount needed in grains) 
to determine the amount of chemical that should be weighed 
out in grains. That is, 


5X10 4.4=50 X4.4=220 grains. 


Now, if the photographer will dissolve 220 grains of 
potassium ferricyanide in 4 ounces of water and then add 
water to make 5 ounces, the strength of the 5-ounce solution 
will be 10 percent. 

How TO CHANGE THE CONCENTRATION OF A LIQUID.— When 
the chemical on hand is in the liquid form and of known 
strength, a percentage solution can be easily prepared by 
the following method. Multiply the amount wanted by the 
strength desired and divide the product by the strength of 
the chemical on hand. For example, the formula being 
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used calls for 32 ounces of 28 percent acetic acid, and the 
chemical on hand is glacial acetic acid 99.5 percent. Thus, 
32X28 896 


90.5 =9957 °°! ounces. 





Add 8.1 ounces of 99.5 glacial acetic acid to 23.9 ounces of 
water to obtain 32 ounces of a 28 percent solution of acetic 
acid. 


Dissolving Chemicals 


All items called for by the formula should be checked to 
make sure that a sufficient quantity is on hand to complete 
mixing the amount of solution needed. Each ingredient 
used in the solution should be weighed out in the order 
given in the formula and dissolved by constantly stirring the 
water while being added. If the chemical is in the crystal 
form, it may be necessary to crush the crystals that are 
slow in dissolving with a pestle or the stirring rod. Each 
chemical should be thoroughly dissolved before the next is 
added to the solution. 

Be sure that the stirring rod or paddle used is not 
impregnated with oxidized or improper chemicals. This can 
be accomplished by washing them thoroughly with hot 
water. The stirring motion should be constant and in such 
a manner that air will not be whipped into the solution. 

Weigh out and dissolve each chemical called for by the 
formula in this way. When all are dissolved, the solution 
should be practically colorless and transparent. 

Sometimes a solution will appear cloudy or milky for a 
short time after it is mixed. This appearance may be caused 
by air taken into the solution by the dry chemicals, since 
air taken into a solution in this way is distributed through 
the solution in tiny bubbles which could not escape while 
the solution was being stirred. If the presence of bubbles 
is the cause of the discoloration, the solution will clear up 
when it is allowed to stand for a while. The bubbles will 
rise to the surface of the solution and escape into the air. 

Some developing agents, such as METOL, HYDROQUINONE, 
and GLYCIN or ATHENON, have peculiarities which should be 
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understood before mixing large quantities of a developer 
solution. Metol dissolves more slowly in a solution of 
sodium sulfite than in plain water, but it will also oxidize 
rapidly when dissolved in the absence of sodium sulfite. 
Therefore, when mixing large quantities of a developer con- 


taining metol, 5 percent of the sodium sulfite prescribed by | 


the formula may be dissolved in the solution before adding 
the metol. After dissolving the metol in the weak sulfite 
solution, add the remainder of the sulfite and dissolve the 
other chemicals in the order specified. 

The hydroquinone called for by a formula should always 
be added to a solution after the sulfite has been dissolved. 

Glycin or athenon is practically insoluble in pure water, 
but it dissolves readily in a solution of sodium sulfite. 
Therefore, glycin or athenon should be added to a solution 
only after the sulfite has been thoroughly dissolved. 

Some crystals, especially sodium thiosulfate (hypo), can 
be dissolved easily and quickly by suspending them in a 
cloth bag, which is secured near the top of the liquid. By 
suspending crystals in a liquid in this way and not stirring, 
the crystals dissolve rapidly and the dissolved chemical 
sinks to the bottom of the container. This forces the clear 
liquid to the top to receive the dissolved chemical. 

Hypo crystals added to a solution in this manner are com- 
pletely dissolved in approximately one-half the time re- 
quired to dissolve the same amount of this chemical in the 
usual manner. 

This method for dissolving chemicals is sometimes called 
the “filter bag method,” since the bag filters the chemical as 
it is dissolved. If the same filter bag is always used for the 
same solution, no contamination will occur, and mixing 
large quantities of solutions is easy. 


The Power Mixer 
The power mixer currently supplied as standard stock 
equipment for photographic laboratories is the M4K-1 
electric mixer, which is commercially known as the Lightnin’ 
Model L. 


The mixer has a % horsepower, single-phase, direct-drive 
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Figure 6—1.—The M4E-1 electric mixer. 


motor which operates on 110 volts, 60-cycle alternating 
current at 1,600 r. p. m. The motor is enclosed, has no 
brushes, and it is rated for continuous operation. The mixer 
shaft and propeller are made of 18-8 stainless steel. Figure 
6-1 shows the mixer and the portable stand. 

The mixer should be clamped firmly onto the stand and 
its height adjusted so the shaft extends to at least two-thirds 
the depth of the solution. 

The clamp should be adjusted on the stand so the shaft 
is about 25 degrees off vertical, and to the right of the center 
of the container in which the solution will be mixed. The 
unit mixes most efficiently in this position. (See fig. 6-2.) 

Always make sure the power source corresponds to that 
stamped on the motor nameplate (110-v., a. c., 60-cycles). 

The shaft should rotate clockwise and the convex side of 
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Figure 6—2.—Shaft and propeller position for most efficient mixing. 


the propeller should be up. This will produce a downward 
thrusting action and stir the solution from bottom to top. 
When the propeller is properly secured to the shaft, and the 
shaft is correctly positioned in the container, the solution 
will be churned from bottom to top in a smooth action. 
This will not permit introduction of excessive air into the 
liquid. (See fig. 6-3.) 

Solutions should not be mixed with the mixer shaft in the 
center of the container. If the shaft is placed in the center 
of the container, the propeller will cause a whirlpool effect, 
which introduces excessive amounts of air into the solution. 
Furthermore, when the shaft is located in the center of a 
container, there is very little agitation about the center of 
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Figure 6—3.—Correct bottom-to-top solution agitation. 


the containers bottom and undissolved chemicals will pile 
up directly beneath the end of the shaft. Figure 6-4 illus- 
trates the whirlpool effect caused by the propeller shaft 
when it is placed in the center of a solution. 

Avoid bumping the shaft or propeller, and never add large 
lumps of chemicals to a solution, since either of these pro- 
cedures may bend the mixer shaft. A bent shaft will produce 
excessive vibration which will ruin the motor bearings. 





Figure 6-4.—How a solution should not be mixed. 


240 


To mix a solution add the recommended amount of water 
at the correct temperature to the container. Start the mixer 
and add each chemical slowly. Be sure that each chemical 
is thoroughly dissolved before adding the next. After all 
the chemicals are in solution, add cool water to obtain the 
required volume. 

The mixer shaft and propeller should be thoroughly 
washed after use. Keep the motor clean and dry, and oil it 
after each 1,000 hours of service, or every two months. 
The bearings can be oiled by removing the two knurled 
screws which project from the side of the motor. Place a 
few drops of SAE 30 oil on the bushings where the shaft 
enters the housing. 


Solution Replenishment 


As developing solutions are used, they become slower in 
action due to the depletion of the developing agents and as a 
result of the restraining effect of the byproducts formed in 
the process of development. The byproducts, sodium 
bromide, sodium iodide, and oxidation products, accumulate 
as the solution is used, and retard development when present 
in quantity. When development is restrained to a noticeable 
degree, there is a loss in the effective speed of an emulsion 
and in image quality. 

The loss in image quality, due to partial exhaustion of the 
developer, may be overcome to some extent by the addition 
of a REPLENISHING SOLUTION which may have the same 
composition as the original developer (less the potassium 
bromide), or a solution containing a larger proportion of the 
developing agents. 

A replenishing solution will not revive an exhausted 
developing solution, but it can be used to prolong the life of 
a developer. When the developing solution has fallen below 
the working level in the tank, a replenishing solution should 
be added to return the developer to its proper working level. 

A replenishing solution may be added to a developer after 
a certain amount of film has been developed. For example, 
after 800 square inches of film (forty 4 x 5 films) have been 
developed in a 4-gallon tank of developer, 8 ounces of 
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replenisher should be added to the tank even if a small 
amount of the original solution has to be discarded. 

The best method of determining the amount of replenish- 
ing solution needed is by actual tests, which should be made 
by developing sensitive material under known conditions. 
However, for most photographic purposes comparative 
photographic tests may be adequate. Hence, one good 
practical method for checking the strength of a developing 
solution follows: Expose a dozen films of the same subject; 
develop one film when the developer is mixed, and as the 
developer is used develop another one. Then compare the 
last film developed with the first. When the contrast and 
density of the last negative developed falls below normal 
discard the solution. 


Safety Precautions 


Some of the chemicals used in photography are skin 
irritants, and others can cause more serious injuries. All 
chemicals should be regarded as poisons and handled with 
caution. 

Acws AND caustics.—Acids and caustics are dangerous. 
They can cause severe skin burns, and precautions should be 
taken to prevent them coming in contact with the skin. 
Also avoid breathing their fumes. These chemicals will 
heat and may start fires when in contact with certain other 
materials. 

When mixing chemicals always add the chemicals to the 
water. If water is added to an acid, it may cause the acid 
to generate heat suddenly. When water is mixed with 
caustic soda, heat is generated and liquid caustic may be 
splashed out of the container. Potassium hydroxide or 
caustic potash has the same hazards as caustic soda. 

Sulfuric acid is a strong dehydrating agent. It will 
extract moisture from most materials, and heat generated in 
the process may ignite wood, paper, etc., under some condi- 
tions. 

Anyone working with or near strong acids or caustics 
should wear protective clothing such as aprons, rubber 
gloves, and goggles. 
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Never mix an acid with a cyanide because as they combine, 
a lethal gas is released and there is little hope of reviving 
anyone who has inhaled this gas. 

Porsons.—Formaldehyde—a clear, colorless, and poison- 
ous liquid—can be used in hardening baths and developing 
solutions; but its suffocating odor should be avoided. Form- 
aldehyde vapors may cause intense irritation of the eyes, 
nose, and throat. 

Potassium ferricyanide and ferrocyanide—used in reducers 
and as a bleach for some toning baths—is poisonous. All 
precautions concerning poisons should be observed when 
using these solutions, due to the danger of contaminating 
the fingers or cigarettes with potassium ferricyanide. 

For antidotes concerning poisonous and dangerous chemi- 
cals see NavAer 10-1R-500A, section 3, pages 4 and 5. 
However, it should be understood that all antidotes given 
are for emergency use only. In case of an accident when 
working with any of these chemicals, the men affected should 
report to the Dispensary and SEE THE DUTY DOCTOR AT 
ONCE. 

SoLvents.—All solvents and their vapors should be 
regarded as hazardous because of their toxicity. Benzol and 
carbon tetrachloride are very toxic and must be used with 
care. 

When using any type of solvent, make sure the compart- 
ment has adequate forced ventilation. If the odor of carbon 
tetrachloride is present for more than a few minutes, either 
increase the ventilation until the odor leaves, or wear a 
proper respirator. 

ALLERGIES.—Some photographic chemicals will cause skin 
irritations, particularly metol, paraphenylene-diamine, and 
the chemicals used in color developers. 

The best way to avoid unnecessary contamination is to 
keep the hands out of processing solutions. This is not 
difficult if tongs, clips, and hangers are used to handle films 
and papers while they are in the solutions. However, con- 
venient rinse solutions should be provided to neutralize 
chemicals which accidentally come in contact with the skin. 
For example, a 3 percent acetic acid rinse will neutralize 


243 


color developers, and a 5 percent sodium carbonate solution 
should be available when working with acids. If the skin 
is extremely sensitive to the chemicals being handled, rubber 
gloves (type used by surgeons) should be worn to protect 
the hands. 

STORING CHEMICALS AND SOLUTIONS.—Chemicals should 
be stored carefully both before and after mixing. The con- 
tainers used by manufacturers for shipments make excellent 
containers for chemical storage. However, when they have 
been unpacked and checked into the storeroom, they should 
be arranged so that as little damage as possible will occur if 
any container is accidentally broken. For this reason, all 
liquids should be stored on the bottom shelves. Then if a 
container should break, its contents will damage only the 
bottom shelf and the floor. , 

Chemicals that react violently with each other should be 
pers separately to prevent explosion or fire if the containers 
/should become broken. For example, never store potassium 
permanganate near glycerine. If for any reason the two 

containers should be broken, and the contents mingle, a 
violent and intense fire will result. 

Large bottles and cans should be stored on the lower 
shelves because of the greater ease in handling. Corrosive 
acids should be stored in thick-walled glass containers, which 
in turn should be protected by wooden frames or boxes. If 
the container is of 5 gallons or larger, the protective frames 
should be supported by a sturdy wooden or metal frame, 
pivoted or hinged for ease in pouring. 

All chemical containers should be plainly marked as to 
their contents. 

All containers aboard ship, especially those made of glass, 
must be stowed so they will not slide or crash together when 
the ship is underway. Rubber matting placed on the shelves 
will help prevent containers from sliding. Sheets of card- 
board between glass bottles will keep them from clashing if 
they work loose from their lashings. All materials should 
be tied into small lots, and the various lots should be lashed 
to the shelves or brackets. When tied in small lots, the 
damage resulting from a broken lash is much less than if an 
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entire shelf should break loose at once. All lashings should 
be inspected several times daily while the ship is underway 
to guard against breaks. 

Stock solutions have good keeping qualities when stored 
in completely filled and tightly stoppered containers. But 
a container which is only partly filled contains a large quan- 
tity of air and there will usually be some oxidation. 

Tanks of solutions should be covered with floating lids. 
When the lid is removed from a developing tank, the surface 
of the solution should be skimmed with a clean blotter to 
remove any incrustations present before the developer is 
used. 

All chemicals should be stored only in cool, dark, and dry 
spaces. The temperature of storerooms for photographic 
materials and supplies should be as near 70° F. as practicable. 
If the temperature rises above 85° F., except for short periods 
of time, the materials will spoil much more rapidly than 
normal. Review storage of sensitized materials as discussed 
in chapter 5. 


245 


QUIZ 


1. The smallest portion of an element is termed a/an 
a. atom 
b. compound 
c. gas 
d. particle 


CHOOSE THE ITEM IN COLUMN B THAT BEST MATCHES THE ITEM IN 
CoLuMN A. AN ITEM IN COLUMN B MAY BE USED MORE THAN ONCE. 


A B 
2. Hygroscopic * a. Attracts moisture from the air 
3. Deliquescent and will go into solution 
4, Efflorescent b. Does not absorb water from nor 
release water into the air 
c. Attracts moisture from the air 
but will not go into solution 
d. A liquid 
e. Release moisture to the air 
5. Dessicated a. Contains one molecule of water 
6. Decahydrated b. Free from water, dry 
7. Monohydrated c. Contains five molecules of water 
*8. Anhydrous d. A liquid 


e. Contains 10 molecules of water 


9. What is the highest grade of purity for chemicals? 
a. Chemically pure (CP) 
b. Analytical reagent (AR) 
c. Photographic grade (Photo) 
d. U. S. Pharmacopoeia (USP) 


10. Boiling or distilling are two of the best means of purifying water for 
photographic use. A third method is 
a. decanting and redecanting 
b. filtration 
c. chemical precipitation 
d. agitation by mechanical means 


@e 


il. When a solution has dissolved all of a chemical possible at a given 
temperature, more chemicals may be added by 

more vigorous stirring 

. cooling the solution 

heating the solution 

. changing their concentration 


Rose 
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12. 


13. 


14, 


15. 


16. 


17. 


You are required to mix 20 ounces of a 28 percent solution of acetic 
acid from 99.5 percent glacial acetic acid. How much 99.5 percent 
acetic acid and how much water will be required? 

a. 4 ounces of acetic acid and 16 ounces of water 

b. 6.5 ounces of acetic acid and 13.5 ounces of water 

c. 5.6 ounces of acetic acid and 14.4 ounces of water 

d. 5 ounces of acetic acid and 15 ounces of water 


How would 10 ounces of a 10 percent solution of an anhydrous 
chemical be prepared? 
a. Dissolve 10 ounces of chemical in 10 ounces of water. 
b. Dissolve 1 ounce of chemical in 10 ounces of water. 
c. Dissolve 1 ounce of chemical in water and add water to make 
10 ounces. 
d. Dissolve 1 ounce of chemical in water and add water to make 
100 ounces. 


Which of the following chemicals will prevent oxidation of the re- 
ducing agent when mixed in a developing solution? 

a. Elon 

b. Sodium sulfite 

e. Sodium carbonate 

d. Potassium bromide 


The reason for adding a replenishing solution to a developer is to 
a. revive an exhausted developer 
b. prolong the life of the developer 
c. change the type of the developer 
d. permit developing at a higher temperature 


When mixing acid and water together 
a. add acid to water 
b. add water to acid 
c. add water and acid together at the same time 
d. chill water and acid before mixing 


A formula calls for the temperature of the water to be 125° F. On 
the centigrade scale, this temperature would be equal to 

a. 37.4° C. 

b. 68.4° C. 

e 51,.7° ©, 

d. 111.4° C. 
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CHAPTER 





PROCESSING NEGATIVES 


The effect that light has upon the light sensitive coin- 
pounds suspended in an emulsion was discussed in chapter 5. 
This chapter will be concerned primarily with the chemical 
- methods used to increase and make visible the action of -— 
that is stored in the exposed emulsion. 

The latent or invisible image in the exposed emulsion is 
made visible by a process which is termed DEVELOPMENT. 
Chemical development is the reduction of the exposed silver 
halides in the emulsion to blackened (free) metallic silver. 
This process is performed in solutions that contain various 
mixtures of chemicals which will be described in the following 
sections of this chapter. 


THE THEORY OF DEVELOPMENT 


When a photographic emulsion is properly exposed to 
light with a camera, printer, or enlarger, there is an invisible 
change in the minute crystals of silver halide which is termed 
a latent image. To obtain a visible image, the exposed 
emulsion is necessarily treated in a solution known as a 
DEVELOPER. This solution converts the light affected halides 
to black metallic silver. These black metallic silver par- 
ticles form the visible image. 

There are many theories as to the exact nature of the 
change or reaction that takes place when a light sensitive 
material is exposed to light. But it is sufficient to know that 
the light affects the halides in such a manner as to permit 
their reduction to a metallic silver. Reduction is accom- 
plished with a chemical known as a REDUCING AGENT. This 
agent combines with oxygen (reduction) which enables it 
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to react with the exposed silver halides and separate or 
reduce the silver from its compound. 

A visible image can be produced on light sensitive materials 
by the action of light alone. But the amount of light re- 
quired to produce a visible image is several thousand times 
that needed to form the latent image. Therefore, the many 
modern applications of photography would not be possible 
without the process of development. 

The theory involved in developing latent images is es- 
sentially the same for both negatives and positives, whether 
they are made on paper, film, or glass. The basic procedures 
are also the same except for minor modifications introduced 
appropriately in the positive process. The negative image 
always precedes the positive image in making a photograph. 
Therefore, only the process for the negative image will be 
described in this chapter. See chapter 9 for the positive 
process. 

The nature and characteristics of the chemicals used in 
processing were discussed in chapter 6. Hence, the only 
concern with these chemicals here will be their characteristic 
action when mixed to form the various solutions used in 
processing film. 

These chemicals behave differently under varying condi- 
tions, but always according to a fixed pattern. Any chemi- 
cal reaction may be obtained at any time by setting up 
exactly the same set of conditions. These conditions consist 
of differences in the degree of chemical concentration, varia- 
tions in temperature, and variations in the time the action 
is continued. Each of these conditions should be studied 
carefully to learn exactly what each will produce in the final 
result. 


The Basic Developer 


There are many different formulas used as developing 
solutions, bu: most all modern developers contain the follow- 
ing four esse itial ingredients: REDUCING AGENT, PRESERVA- 
TIVE, ACCELE.i:ATOR Or ACTIVATOR, and RESTRAINER. 

REDUCING AGENTS.—The reducing agent is the most 
important chemical in a developing solution. Nevertheless, 
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the other ingredients are necessary to make the solution 
function properly. Although several chemicals are capable 
of reducing silver halides to metallic silver, relatively few 
of them can be used. Many chemicals tend to reduce the 
unexposed as well as tne exposed silver halides; that is, some 
are not selective in their action. The few reducing agents 
that are used vary greatly in their properties. 

One of the properties of a reducing agent is its reducing 
potential. This refers to its relative ability to develop or 
reduce the silver halides. A reducing agent of high potential 
attacks silver halides vigorously, whereas one of low potential 
is slower in its action. The characteristic activity of a reduc- 
ing agent is another factor to consider. Some agents are 
more active in the strongly exposed areas, some in the weakly 
exposed areas, and others have an equal overall activity. 
The temperature of the solution affects the activity of some 
agents much more than others. The tone of the developed 
image is greatly affected by the type of reducing agent. 
Some agents produce blue-black or cold tones, while others 
yield brownish or warm tones. Hydroquinone, metol, 
amidol, glycin, paraphenylene diamine, and pyro are some of 
the more widely known reducing agents. 

HypROQUINONE is a developing agent of low potential. 
It requires little or no restrainer at normal temperatures. 
Its activity is greatly reduced by low temperature because 
it becomes inactive (inert) at about 50° F. in normal solu- 
tions. At temperatures above 80° F. it works so ener- 
getically that it will develop the unexposed parts of an emul- 
sion. This produces roccine of the image which is the term 
used to describe an image that has reduced silver in its 
unexposed portions. No other reducing agent is as sensitive 
to temperature as hydroquinone. 

When hydroquinone is used in solutions at normal working 
temperatures (68° F.), it is capable of producing highlights 
of great density while retaining transparency in the unexposed 
areas. It works first on the areas of greatest exposure, the 
highlights, and does not begin on the lesser exposed areas 
until they equal what remains to be developed in the heavy 
exposed areas. The areas of least exposure, the shadows, 
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will be the last to be developed. This makes it an ideal 
developing agent for subjects requiring extreme contrast— 
reproductions of black lines on a white background. There- 
fore, hydroquinone is said to build contrast first and density 
afterward. For subjects that require accurate rendering of 
highlights, halftones, and shadows, it is combined with 
another reducing agent such as metol. (See M—-Q developer.) 
Hydroquinone deteriorates slowly in air, has good keeping 
qualities in solution, and does not stain the gelatin. 

Mero., Elon, Pictol, Rhodol, etc. are trade names for 
another very good developing agent—monomethyl-para- 
minophenol sulfate. Metol alone or in combination with 
hydroquinone has been one of the most popular reducing 
agents since its introduction which was prior to 1900. It 
works at the same speed in all parts of an image. It will 
complete the development of the shadows, or areas of least 
exposure, soon after development starts. The areas of 
greatest exposure will be the last.to be completely developed. 

Metol is a high-potential, soft-working reducing agent 
which is affected comparatively little by changes in temper- 
ature or by large amounts of a restrainer in the solution. 
Its characteristic action is to build density first and then 
produce contrast. Although metol will develop without an 
accelerator, it is generally used in an alkaline carbonate; 
sometimes borax and other alkalis are utilized for special 
purposes. Under some conditions it is difficult to obtain 
sufficient contrast with metol alone, hence it is usually 
combined with hydroquinone. Other combinations are 
metol-glycin and metol-pyro. Metol is used in fine grain 
developers, in developers (with hydroquinone) for prints and 
negatives, and in solutions with pyro for negatives. Metol 
solutions have good keeping qualities. 

METOL-HYDROQUINONE, abbreviated M-Q, is the most 
versatile and popular of all developers. The soft-working, 
detail-producing metol and the high contrast hydroquinone 
make a combination superior in many ways to either agent 
when used alone. M-Q developer keeps well in solution, 
does not stain, and is faster working than either metol or 
hydroquinone used separately. 
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Some combination of metol and hydroquinone can be 
selected for practically all photographic developing solutions. 
When used at normal temperatures, the results are prac- 
tically proportional to the amount of exposure. Many 
packaged developers are made up from these two agents. 

GLycIN is a low-potential developing agent which works 
satisfactorily on the lesser exposed areas as well as the more 
exposed areas. It is nonstaining, produces fine grain, and 
does not readily oxidize in air, alkali solutions, or when 
greatly diluted. Glycin may also be used in combination 
with other developers. 

DIAMINE, or paraphenylene diamine, has a low reduction 
potential. It produces negatives of good tonal range, fine 
grain, and warm tones. Slight increases in temperature 
have little effect on its activity. It is somewhat toxic and 
may cause skin irritations. 

Pyro, pyrogallol or pyrogallic acid, is perhaps the oldest 
known reducing agent still in use. Its action on the image is 
directly in proportion to the amount of exposure; that is, in 
a given unit of time it will develop a given percentage of the 
exposed material in all parts of the image. The areas of 
least exposure and the areas of greatest exposure will be 
developed in the same length of time. Also, pyro builds 
both density and contrast in an image at the same time. 

Pyro oxidizes rapidly in a working solution. The oxidation 
product is brown and will stain everything that absorbs 
the solution to any extent. The amount of stain is in 
proportion to the amount of preservative used in the solution; 
the less preservative, the more stain. Hence, pyro is termed 
a staining developer. It is not used with materials which 
are easily stained, or where the stain is not desired. 

Pyro is very sensitive to the action of a restrainer, only a 
small amount of the restrainer is required to slow down its 
action noticeably. It is not greatly affected by temperature 
changes, but requires less time to produce a given density 
at high temperatures than at low temperatures. 

Pyro can be mixed as stock solutions which will remain in 
good condition for months. But when the solutions are 
combined to make the developing (working) solution, it 
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will oxidize very rapidly. Pyro developers are used once 
and discarded. A fresh solution is mixed for each job. It 
is seldom used in tanks which must stand mixed for several 
days. Nevertheless, pyro is one of the preferred proportional 
reducing agents. 

Some of the above reducing agents, and many others not 
discussed here, are not generally used, but are preferred for 
more specialized work by many photographers. Compara- 
tive study of their characteristics will prove more interesting 
as you become better acquainted with those described here. 

THE PRESERVATIVE.—AIl organic developing agents in an 
aklaline state have a strong affinity for oxygen. It is 
necessary, therefore, to add a preservative to developing 
solutions to prevent excessive oxidation. The preservative 
prolongs the useful life of the developing solution and 
prevents the formation of colored oxidation products which 
cause stains. 

The preservative is a chemical which has a very great 
affinity for free oxygen, and will combine with it when mixed 
into a solution. A large amount of free oxygen is in the air 
and in the water used for solutions. If the free oxygen is left 
in the water, it will oxidize most of the reducing agent and 
produce stains before the metallic silver image is satisfactorily 
developed. By the addition of a sufficient quantity of the 
preservative, practically all of the free oxygen will be removed 
from the solution, the reducing agent will work as intended, 
and no stains will be produced. 

SODIUM SULFITE is the preservative most commonly used. 
It also dissolves silver halides to some extent, reduces grain 
size, and therefore is useful in fine grain developers. Sodium 
bisulfite is also used. It is an acidified sulfite which, in an 
alkaline developer,is converted to sodium sulfite and sodium 
bicarbonate. Developers containing sodium bisulfite give 
slightly less base fog than those containing sodium sulfite. 
The quantity of preservative used varies greatly as shown by 
the following factors which determine the amount required: 

1. The tendency of developing agents to oxidize. 

2. The concentration of the developer. A dilute developer 
requires more preservative than a more concentrated solution. 
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3. The temperature at which the developer is stored or 
used. The rate of oxidation increases as the temperature 
Increases. 

4. The keeping properties required and the way in which 
the solution is used. A solution that is to be used only once 
and then discarded requires very little preservative. Fur- 
thermore, oxidation is more rapid when a developing solution 
is used in a tray than when it is used in a tank. 

5. The alkalinity of the solution. The more strongly 
alkaline the developer, the more rapid will be the rate of 
oxidation. 

AccELERATORS.—All developing agents are either neutral 
or slightly acid and, as such, they usually have little de- 
veloping ability. In order to utilize the reducing capabilities 
of these agents, it is necessary that they be in an alkaline 
state. To make the developing solution alkaline, an acceler- 
ator is added. 

The reducing agent works very slowly, if at all, in a de- 
veloping solution which has no accelerator. But when an 
accelerator is added, the reducing agent works at a rapid rate. 
The accelerator has a double action. First, it hastens the 
swelling of the gelatin in the emulsion and thus permits the 
solution to penetrate the entire emulsion more quickly. This 
action is physical in effect. The second action is completely 
chemical. As the silver halogen salts in the latent image are 
reduced by the reducing agent, the halogen elements liber- 
ated from the silver are absorbed by the accelerator and 
combined into neutral salts so they will not have any harmful 
effects in the solution. These halogen salts would cause some 
difficulty in one form or another if they were not absorbed 
bv the accelerator. In some developers the accelerator is 
utilized in this way as a part of the reducing agent, but the 
final result is the same as if appearing in separate chemicals. 
It swells the gelatin to hasten saturation, and then absorbs 
the halogen salts as they are released from the silver com- 
pound by the action of the reducing agent. 

Accelerators are divided into three general groups: mild, 
moderate, and strong. Borax, a mild alkali, is used in low 
contrast developers for fine grain. It is sometimes called a 
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BUFFER ALKALI because in solution it slowly and constantly 
forms or releases its alkali which keeps the alkalinity of the 
solution constant. Borax is the mildest alkah in common use 
for the development of negatives. SoDIUM METABORATE, 
although slightly stronger, is similar in its action to borax. 

SODIUM CARBONATE, a moderate alkali, is the accelerator 
most commonly used in developing solutions for both 
negatives and prints. It is used in many metol-hydroqui- 
none and pyro solutions. Potassium carbonate can be sub- 
stituted for sodium carbonate in some formulas. But it is 
more expensive and less stable than sodium carbonate. 

Sodium hydroxide and potassium hydroxide are caustic 
alkalis. They are used in some developers to produce high 
contrast. Caustic alkalis are avoided for fine grain develop- 
ment because they soften and swell the gelatin excessively, 
which permits the formation of larger reduced silver grains 
in an emulsion. 

Other alkalis that are in more or less common use are 
ammonium carbonate, ammonia, acetone, sodium metabo- 
rate, and paraformaldehyde. A strong alkali does not give 
the same results as a weak one even though allowance is made 
for the difference in strength; therefore, substitution should 
not be attempted. 

A deficiency of alkali retards development ; an excess results 
in an increase in activity and contrast, eventual chemical fog, 
and an overswelling of the gelatin which may cause frilling 
and blisters. 

Because the accelerator is a determining factor in the 
activity of a developing solution, it has a marked influence 
upon the degree of graininess produced in the negative. This 
graininess is dependent upon the clumping action of tne silver 
grains during the development process. The more active 
the developer, the greater the clumping action; therefore, the 
milder or less alkaline developers yield finer grain. 

THE RESTRAINER.—Without a restrainer most developing 
solutions act too rapidly and reduce unexposed silver halides 
near the surface of the emulsion which cause chemical fog, 
developing streaks, and an image lacking in contrast. When 
a restrainer is added, development time is prolonged and fog 
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is minimized. Contrast is increased because the reducing 
agent’s activity is cut down in unexposed areas. But exces- 
sive amounts of restrainer will greatly retard development. 
The chemical most commonly used as a restrainer is POTAS- 
SIUM BROMIDE. You will recall from the discussion of 
negative materials in chapter 5 that all negative and some 
paper emulsions contain silver bromide. In development 
this bromide is released from the silver, and it has a restrain- 
ing action on the reducing agent during development. 
However, its action is usually insufficient to prevent fog. 

The restrainer acts as a brake on the combined action of 
the reducing agent and the accelerator. No accelerator 
known will supply exactly the required increase in developing 
speed. All of them will produce more activity than desired. 
Therefore, to control the action, a restraiaer is added to hold 
the action within usable limits. 

With no accelerator there is little or no action. With 
some accelerator there is too much action. By adding a 
little restrainer the action can be controlled. By the addi- 
tion of a bromide, the action of the developing solution is 
slowed down to a controllable degree, and prevents the 
fogging effect produced when the reducing agent’s action is 
too energetic. 

The ideal developing solution is one that will develop all 
the exposed silver halides in the emulsion and have no effect 
on any that are not exposed. When all of the exposed parts 
of an emulsion have been developed, the action should stop, 
even though the film is left in the solution. Unfortunately, 
no such solution is known. All solutions require attention 
during the processes in order to stop their action when ne 
desired result has been produced. 

All formulas recommended by manufacturers have been 
tested and proven satisfactory. When used as directed, 
they will produce the desired results. Their action may be 
varied to some extent to obtain slightly different results, but 
each process should be given constant supervision. 


Rinse and Stop Baths 
When a negative or print is removed from the developing 
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solution, there is a small amount of developer both in the 
emulsion and on the surface of the film which must be re- 
moved or neutralized to stop its action and to prevent stains. 
To remove the developer from the negative, it should be 
immersed in a rinse bath. Rinse baths are of three general 
types: water, acid, and hardening. Each of these rinse 
baths has a specific purpose and should be used accordingly. 

WATER RINSE BATH.—A water rinse bath helps retard the 
action of the reducing agents and removes the excess de- 
veloper from the emulsion, thus preventing contamination of 
the fixing bath. It is suitable and sufficient for most nega- 
tives. A water rinse may also precede the acid rinse when 
processing prints. 

ACID RINSE BATH.—An acid rinse bath, sometimes referred 
to as a stop bath, instantly neutralizes the action of the 
developer and stops further development. It also neu- 
tralizes the alkalinity of the developer and prolongs the 
useful life of the fixing bath. Due to the soft emulsion and 
the nonabsorbent quality of the base of most negative ma- 
terials, only a very weak acid rinse is required. Usually, 
however, only a water rinse is used between development 
and fixation of most negative materials. If a weak acid 
rinse is not used, all emulsions should be thoroughly rinsed 
in water before placing them in the fixing bath. 

It is advisable to use a weak acid rinse between develop- 
ment and fixation of all thin base films. The strong acid in 
the fixing bath has a tendency to form carbon dioxide gas 
bubbles in the emulsion when the film is taken from the 
developer and placed directly into the fixing bath. These 
bubbles very often break small round holes in the emulsion, 
which are sometimes mistaken for pinholes like those caused 
by dust particles settling on the emulsion prior to the camera 
exposure. These bubbles may be prevented when processing 
thin base films by using approximately % ounce of 28 percent 
acetic acid in 32 ounces of water as an acid rinse. 

An acid rinse should meet the following requirements: 

1. Be sufficiently acid to neutralize the action of the 
alkali carried over from the developer. 

2. Its acidity should be limited so the small amount 
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carried over into the fixing bath with each film will not 
increase the free acid content of the fixing bath and cause 
sulfurization. 

3. It must not contain enough acid to produce blister 
formations in an emulsion. 


HARDENING RINSE BATH.—A hardening rinse bath is used 
to harden the emulsion when processing at high temperatures 
(tropical processing). In ordinary processing the hardening 
agent in the fixing bath is sufficient, thus permitting the use 
of water or acid for a rinse. 


Precautions.—A hardening rinse should be used if proc- 
essing must be done where it is impossible to control the 
temperatures of solutions, particularly the wash water. A 
typical stop hardener rinse follows: 


Waters ecch i oe ee ee ee ete 32 ounces 
Potassium chrome alum..___.__.---_-.-.--_---_- 1 ounce 
Sodium bisulfite__..._._...._..--._-_-------- 1 ounce 


A solution containing potassium chrome alum is very un- 
stable and will become exhausted quickly with or without 
use. 


The Fixing Bath 


When a light sensitive material is removed from the 
developing solution the emulsion contains a considerable 
amount of silver salts which have not been affected by the 
reducing agents. These silver salts are still sensitive and, 
if they are allowed to remain in the emulsion, light will ulti- 
mately darken them and obscure the image. Obviously, if 
this action occurs, the negative will be useless. 


The fixing bath is employed to prevent this discoloration 
and to assure permanency of the developed image. It 
accomplishes this task by dissolving the halogen salts of 
silver from the developed free silver image. Therefore, to 
make an image permanent, it is necessary to F1x the photo- 
sensitive material by removing all of the unaffected silver 
salt from the emulsion. 

The fixing bath for prints contains four basic ingredients. 
They are: the fixing agent, the preservative, the neutralizer 
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or acidifier, and the hardening agent. The fixing bath for 
films usually contains a fifth ingredient, the antisludge agent. 

THE FIXER.—AIll fixing baths must contain a silver halide 
solvent. This solvent is known as a fixer or the fixing agent. 
The silver salts for which this agent must be a solvent are 
silver chloride, silver bromide, and silver iodide. Only a 
few substances will dissolve these halogen salts of silver. 
The one universally used in photography is sopIUM THIO- 
SULFATE, commonly termed Hypo which is taken from its 
other chemical name hyposulfite. The primary purpose 
of the fixing bath is to remove the unused silver salts, but 
there are other important factors to be considered which 
require the addition of other agents. 

Sodium thiosulfate changes silver halides to soluble 
silver-sodium thiosulfate compounds, removes these com- 
pounds from the emulsion, and refills the space they occupied 
with nonexhausted fixing solution. Therefore, the function 
of the fixing agent is to convert the silver salts remaining 
in the emulsion after development to soluble compounds, 
and to remove these soluble compounds by constantly 
diluting and replacing them in the emulsion. 

The number of substances capable of functioning as fixing 
agents is small because a good fixer must meet the following 
requirements: 

1. It must dissolve silver salts without affecting the 
silver image. 

2. The complexes it forms must be soluble so they can 
be removed from the emulsion. 

3. The fixer should neither excessively swell nor soften 
the gelatin. The most important fixer is SODIUM THIO- 
SULFATE. Consequently, the other fixers, ammonium thio- 
sulfate, lithium thiosulfate, guanidine thiosulfate, the thio- 
cyanates, sodium chloride, ammonia, etc., will be of 
theoretical interest only to most photographers. 

THE PRESERVATIVE.—A preservative prevents oxidation 
of the reducing agents that are carried over into the fixing 
bath by the film and also prevents decomposition of the fixer. 
Oxidized developer in a fixing bath will produce stains. 

Strong acids tend to cause a fixing agent to decompose 
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(sulfurize). The preservative acts as a buffer to protect 
it. Therefore, it is most important to dissolve the preserva- 
tive in the fixing solution before adding the neutralizer, or 
the acidifier as it is sometimes called. 

When a sufficient quantity of acid is added to the fixing 
bath to neutralize the alkalinity of the developer remaining 
in the films, the hypo is decomposed into free sulfur and 
sulfurous acid, making the bath unusable. To prevent 
the decomposition of the fixer, a preservative, soDIUM 
SULPHITE, is added. It acts as a preservative by combining 
with the sulfur and forming new hypo. Sodium sulphite 
prevents the acid from decomposing hypo, prevents dis- 
coloration of the solution due to oxidation products, and 
aids in eliminating stains. 

NEUTRALIZER OR ANTISTAINING AGENT.—After develop- 
ment, as previously stated, the pores of the swollen emulsion 
retain a portion of the developer. If allowed to remain, 
the developer will continue its activity. Even though the 
emulsion is thoroughly rinsed in a nonacid bath before it is 
placed in the fixing solution, a sufficient amount of the 
developer remains to continue this activity, causing uneven 
stains in the gelatin of the emulsion which renders the 
negative unfit for use. ‘To stop development and prevent 
staining, a neutralizer is added to the fixing bath. 

The neutralizer stops the action of the developing solu- 
tion remaining in the emulsion when the film is immersed 
in the fixing bath. The developing solution is alkaline and 
its action stops when this alkali is neutralized by the acid. 
Any acid may be used, but the one most frequently used is 
ACETIC AcID. The quantity and strength of the acid used 
must be within proper limits. For example, too little acid 
will not neutralize the developer in the film properly; while 
too much acid will destroy the effect of the. hardening 
agent, the swelling of the gelatin will continue, and excessive 
amounts of acid will cause sulfurization. 

HaRDENER.—It was stated earlier that during develop- 
ment the gelatin becomes softened and swells. Frilling, 
reticulation, scratches, and many other undesirable effects 
may result if processing is continued without hardening the 
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emulsion. In the discussion of rinse baths, it was pointed 
out that the softened gelatin of the emulsion is sometimes 
hardened by treating the film in a hardening solution before 
fixation. However, the most common practice is to include 
the hardening agent in the fixing bath. This allows the 
emulsion to be fixed and hardened at the same time. 


The hardening agent employed is usually one of the 
alums. The one used most often is POTASSIUM ALUM. The 
mission of the hardening agent is to tan or harden the 
structure of the gelatin and to prevent further swelling. 
The swelling is necessary to allow the solutions to act evenly 
and quickly. But as soon as this has been accomplished 
there is no need for additional swelling. The hardening 
and toughening of the gelatin by the alum stops the tendency 
to swell, and leaves the emulsion expanded but firm for the 
washing process. 


ANTISLUDGE AGENT.—Fixing hardening baths containing 
potassium alum have the disadvantage of greatly increasing 
the retention of hypo by negative films. To reduce this 
effect the acidity range of the bath is limited. The reduced 
acidity of the bath is gradually neutralized by the alkali of 
the developer carried into the fixing bath by the films. 
When the active acidity is neutralized too far, a sludge of 
aluminum sulfite forms which renders the bath useless. But 
if BORIC ACID is added to the fixing hardening bath, it will 
absorb a considerably larger quantity of developer before 
the sludge occurs, and the useful life of the bath is lengthened. 
Therefore, boric acid minimizes sludging tendencies of fixing 
hardening baths and improves its hardening properties. 

The sulfur dioxide which sometimes emanates from fresh 
fixing hardening baths can be eliminated by replacing the 
boric acid with KopaLk. (See Kodak formula F-6 in sec- 
tion 6 of the Photo-Lab-Indez.) 


Rate OF FIXATION.—Fixing baths contain from 20 to 40 
percent of hypo by volume. The average fixing solution 
contains approximately 30 percent hypo. The maximum 
rate of fixation occurs when there is between 30 and 40 per- 
cent of hypo present. But photosensitive materials will 
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require a longer time for thorough fixing if the bath contains 
less than 20 percent or more than 40 percent of hypo. 

In practice, the fixing solution should dissolve the un- 
affected silver halides and remove the dissolved silver com- 
pounds from the emulsion. Therefore, after the cloudy or 
milky portions of the emulsion has become clear, the solu- 
tion should be allowed several more minutes in which to 
completely remove these dissolved salts. The time usually 
allowed for fixation is twice the time it takes for the negative 
material to clear. That is, if the parts of the emulsion which 
are not affected by the developer appear transparent in two 
minutes, the negative will be completely fixed in four minutes. 

As the fixing bath is used, it becomes slower in action, and 
requires more time to completely remove the dissolved salts 
from an emulsion. This decrease in fixing speed is due in 
part to dilution of the bath by developer or rinse baths, and 
also to the accumulation of silver compounds which retard 
the action of the fixing agent. Thus, the clearing time 
becomes longer and the solution has more difficulty (pro- 
gressively) in removing all of the silver salts which are neces- 
sary for thorough fixation. After the emulsion has cleared 
in a fresh solution it still contains approximately 10 percent 
of the dissolved silver compounds. Therefore, the negative 
will have much greater permanency if it is fixed for 10 minutes 
in a fresh solution even though the emulsion may have cleared 
in 2 or 3 minutes. 

- DouBLE FIXING BATHS.—The use of two fixing baths is 
recommended for thorough fixation, especially when many 
negatives are processed daily. This procedure will result in 
a more uniform and thorough fixation, conserve chemicals, 
and speed production. The usual practice with double 
fixing baths is to have two trays or tanks of equal amounts 
of the solution. The negatives are fixed until clear in the 
first bath, then they are moved to the second bath. Since 
most of the products of development and fixation are usually 
eliminated in the first bath, it deteriorates more rapidly than 
the second. When the first bath shows signs of exhaustion, 
the second bath is moved into its place and a fresh solution 
is mixed and placed in the second position. 
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EXHAUSTED FIXING BATH.—A fresh fixing bath will have 
the distinct pungent odor of acetic acid and will feel grippy 
to the fingers. The large bubbles that form in an exhausted 
fixing bath during agitation do not disappear readily; those 
that form in a fresh bath do. The temperature, concentra- 
tion of hypo, and the amount of agitation the negative 
receives during this process have a considerable effect on the 
rate of fixation and quality of the results obtained. All 
solutions in photographic processing should be maintained 
at approximately 68° F. which is the recommended working 
temperature. 

Some of the characteristics of an exhausted fixing bath 
are milky appearance, sulfurous odor, slippery feel, and 
bubbles which do not disappear. Normally, when an acid 
rinse bath is used, one gallon of fixing bath will process from 
80 to 100 negatives (8 x 10), or equivalent. However, as 
discussed earlier, the time required for thorough fixation 
gradually becomes longer and it will finally stop its fixing 
action altogether. 

The fixing bath should be replaced when the fixing time 
becomes excessive (longer than 30 minutes), if it sulfurizes, 
or if it becomes discolored (it may produce stains). The 
most convenient way to test a fixing bath is to immerse a 
small piece of film in it until the film is completely cleared. 
Wash the cleared film strip thoroughly in running water and 
then place it in a 1 to 3 percent solution of sodium sulfide. 
If the test strip remains clear in this solution, the fixing bath 
may be regarded as satisfactory. But if the test strip 
becomes colored, it indicates that all of the soluble silver salts 
have not been dissolved and a fresh fixing solution should be 
prepared. 


Washing 


The purpose of washing negatives is to remove the soluble 
chemicals or solutions of the fixing bath. Fixing converts 
the silver salts into soluble compounds and removes them 
from the emulsion. Thus, if the fixing process is incomplete, 
even prolonged washing cannot render the image permanent 
because the compounds of silver sodium thiosulfate remaining 
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in the emulsion will discolor in time and produce stains. 
Thorough washing is necessary to remove the fixing agent 
which, if allowed to remain, will slowly combine with the 
silver image to produce brownish-yellow stains of silver 
sulfide and cause the image to fade. 

TEMPERATURE.—The temperature of the water has little 
effect on the rate of washing as long as it is within a range 
of 60° to 75° F. It is true that most salts diffuse more 
readily in warm water than in cold. However, when washing 
negative materials, the warmer the water the more the 
emulsion swells. This retards the diffusion of the chemicals 
from the emulsion in about the same proportion as the rise 
in temperature accelerates it. Thus, water at temperatures 
above 74° F. swells the gelatin which tends to inhibit dif- 
fusion, while at the same time it may cause the emulsion to 
frill and reticulate. Therefore, it is better to keep the 
temperature of the wash water the same as that of the 
processing solutions. 

RATE AND TIME.—The rate of washing depends largely 
upon the diffusion of the hypo from the emulsion of the 
material. The rate of diffusion is dependent upon the 
amount of fresh water coming in contact with the emulsion. 
Hardening the gelatin in the fixing bath does not affect the 
rate of washing unless the film has been dried after fixing. 
If the emulsion has not been dried prior to the final washing, 
its shrinkage or contraction is negligible and has little or no 
effect upon the rate of washing. However, if the emulsion 
has been dried, it will not swell as much when soaked again 
and, consequently, the chemicals deeper in the emulsion 
will not wash out as quickly. An idea of the actual rate of 
washing may be obtained if it is realized that the hypo 
remaining in the emulsion is continually halved in equal 
periods of time as the washing proceeds. For example, the 
average negative will give up about one-half of the hypo it 
contains in one minute of direct contact with running water. 
After two minutes, one-fourth of the hypo remains, and so 
on, until eventually the amount of hypo remaining becomes 
negligible. Thus, the rate of washing depends upon the 
degree of agitation and the amount of fresh water that comes 
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in contact with the emulsion. The minimum washing time 
for negatives in running water is 20 minutes when a complete 
change of the water occurs every three minutes. 

WASHING PROCEDURE.—There are two methods of washing 
negatives. One method is to place the negatives in a tray 
of water and then change the water about every 3 minutes 
for a minimum of 10 changes. A more efficient tray method 
of washing is accomplished by attaching a device to the 
edge of the tray that will siphon the water from the bottom 
of the tray while the fresh water runs in at the top. (See 
(A) of fig. 7-1.) The second and a very satisfactory method 
of washing negatives is in a tank. Metal frames, termed 
film hangers, hold the individual negatives suspended 
separately in the tank. The fresh water flows into the bot- 
tom of the tank under pressure and runs out around the 
sides near the top of the tank, as shown in (B) of figure 7-1. 
With either method, care should be taken to make sure the 
negatives are separated so that a sufficient amount of fresh 
water will reach all areas of each negative. 





HINGED CHANNEL DRAIN HOLES 


FILM SUPPORTED VERTICALLY 
BY FILM HANGER 







PERFORATED INLET PIPE 


FRESH WATER HOLE. 
B 


Figure 7-1.—Film washing methods. 


TYPES OF WATER.—Water exists in various states of 
purity as described in chapter 6. Distilled water is the best 
since it has been freed from all impurities. Water contain- 
ing iron should not be used for any photographic purposes. 
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However, impurities such as rust, dirt, or silt can be removed 
by placing a filter in the water supply. 

Sea water may be used to wash negatives if it is followed 
with a fresh water rinse. Salt water will remove the hypo 
from films in about two-thirds of the time required for a 
fresh water wash. But a short rinse with fresh water is 
required to remove the salt from the films. It is considered 
a safe and economical procedure to wash the film in sea 
water for one-half of the usual washing time and then rinse 
the film in fresh water for about five minutes with thorough 
agitation. For additional information on washing films 
with sea water see section 5, page 4, of NavAer 10—-1R-500A. 

Hypo tests.—If hypo is present in the water drained 
from washed negatives, it can be detected by allowing some 
of the water from the negatives to drip into a test solution. 
It is extremely difficult to test for small quantities of hypo. 
But the following test solution (Kodak HT-1a) will indicate 
when the film may be considered reasonably free of hypo. 
However, even when the test results in a negative reaction, 
it is still no guarantee of absolute image permanency. 

To make Kodak HT-1a hypo test solution use the follow- 
ing formula: 


Distilled Waters. ..\vc22miecenlceie sete ees 6 ounces 
Potassium permanganate______.__---------- 4 grains 
Sodium hydroxide___-__-_------------------ 8 grains 
Add distilled water to make___._.._.------- 8 ounces 


Take 8 ounces of pure water in a transparent colorless 
glass and add \% dram (1 cc.) of the test solution toit. Then 
allow some of the water to drip from a washed negative into 
the glass of solution. If a small percentage of hypo is 
present, the violet color of the solution will turn orange in 
about 30 seconds; if a larger concentration of hypo is present, 
the orange color will turn yellow. In either case the film 
should be returned to the wash water and washed until 
further tests produce no change in the violet color. 

Note: If oxidizable organic matter is present in the water, 
it will react with the permanganate solution in the same 
manner ashypo. Therefore, the water should also be tested 
For the water test, use the procedure outlined below. 
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Prepare a second sample of the test solution as explained 
above for the first solution. Then add a volume of tap 
water to the second solution equal to the volume of wash 
water which was drained from the film into the first solution. 
If the solution to which the tap water has been added re- 
mains a violet color, it indicates an absence of organic matter 
and it will not be necessary to make any other tests in dupli- 
cate. However, if the color is changed slightly by the tap 
water, the presence of hypo in the water drained from the 
film into the other solution will be indicated by the relative 
color change of the two solutions. For example, if the tap 
water test solution turned pink and the wash water test 
solution turned yellow, it would indicate the presence of 
hypo; whereas, if both remain the same color it indicates the 
absence of hypo. 


Hypo ELIMINATOR.—Several chemicals have been recom- 
mended, at different times, as a means of reducing the wash- 
ing time by converting hypo into compounds that are more 
soluble in water. However, under most ordinary conditions, 
a hypo eliminator is not needed for films, since the hypo can 
be removed sufficiently in a reasonable time by washing. 
Nevertheless, if the fresh water supply should become lim- 
ited, the negative can be washed for only 10 minutes, placed 
in a 3 percent solution of ammonium hydroxide for three 
minutes, and then washed for three minutes. 


The Kodak HE-1 Hypo Eliminator is used when it is 
important to completely remove hypo from prints. This 
solution should be prepared immediately before use and it 
should be used in an open container. Furthermore, this 
_ solution should never be stored in a stoppered bottle because 
the gas evolved may break the container. 

Note: Hypo eliminators will remove the hypo from an 
emulsion, but the use of this solution seldom speeds up the 
washing process for films. The hypo eliminator must be 
washed out of the emulsion, and it may require as long to 
remove this solution as would be necessary to wash out the 
original hypo. 
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Drying 


The final step in processing a negative is to dry the wet 
film. This step is seldom given any special attention, never- 
the less there are some preferred practices which have proven 
most satisfactory. There are actually two distinct phases 
of drying films. The first is the removal of the excess water 
from its surfaces. The second is the drying of the film by 
evaporation. 


REMOVING SURFACE WATER.—Upon completion of the 
washing, the film should be gently sponged on both surfaces 
with a wet viscose sponge or wet absorbent cotton. This 
removes all dirt or sludge which may have settled on the 
film during washing. Dirt or scum is easily removed at this 
time, whereas it is practically impossible to remove it after 
the film is dry. Any foreign substances on dry film will 
detract from the quality of the prints which are made from 
the negative. | 


Following the sponging, rinse the film and remove the 
water from its surfaces. This can be accomplished by using 
a sponge, chamois, cotton, or a squeegee. The emulsion 
should not show any trace of water drops or streaks. The 
back may show slight streaks but no drops. 


When available, a WETTING AGENT such as Aerosol OT may 
be added to the final rinse water. Wetting agents are used 
to break down the surface tension of water. Water which 
has been treated in this way will penetrate faster and drain 
more evenly from the surface of film. This reduces the 
drying time for negatives and will help prevent drying spots. 

To prepare the wetting agent rinse bath, mix 1 part of a 1 
percent stock solution of aerosol with 9 parts of water. A 
solution of this strength is sufficient for either soft or hard 
water. The film should be soaked in this solution for about 
2 minutes. The wetting agent solution will drain off the 
film evenly and rapidly, leave no water drops, and speed 
drying. The film may be sponged to remove foreign sub- 
stances. 


Note: Occasionally wetting agents give unsatisfactory 


268 


results. Therefore, the photographer should acquaint him- 
self with NavAer 10-1RE-521 prior to using these agents. 

DryYING METHODS.—The final phase and the actual drying 
of the material is due to evaporation. After the wet sponge 
treatment, the film should be attached to a line with a film 
clip and dried with natural air. It should hang by one corner 
or one end in a good circulation of dry air and allowed to dry 
without being disturbed. If the position of the film is 
changed during drying, or if the air circulation is changed 
considerably, streaks of uneven density will form in the 
emulsion. These streaks cannot be completely removed, 
THEY MUST BE PREVENTED. 

The film drying time may be shortened by soaking the film 
in a liquid which evaporates more readily than water. The 
most useful of these liquids is ETHYL ALCOHOL. After the 
negative is thoroughly washed, drain off the surface water 
and immerse it in ethyl alcohol. It should remain in the 
alcohol for about 5 minutes. This will allow the alcohol 
‘ample time to sufficiently replace most of the water in the 
emulsion. Then drain the surface alcohol from the film 
and hang it up. 

Nore: Alcohol is a solvent for cellulose nitrate and should 
never be used as a quick drying agent for nitrate films. 

The drying rate of films, whether or not an alcohol rinse 
is used, depends upon the humidity, temperature, and the 
amount of air circulated over the film surfaces. Thus, 
a draft of forced air can be used to accelerate drying, if 
care is taken to prevent the dust that is usually stirred 
up from being deposited on the film. This can be accom- 
plished by hanging the film inside a locker or cabinet equipped — 
with filters through which the air is made to pass before 
coming in contact with the film. (See fig. 7-2.) 

The drying process may be further shortened by heating 
the air that is circulated around the film. Both the heat 
and the air can be controlled more advantageously in a 
cabinet similar to the one illustrated in figure 7-2. The 
temperature of the heated air should never exceed 100° F. 

DRYING PRECAUTIONS.—If water drops remain on the 
film while it is drying, they will produce spots of uneven 
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Figure 7-2.—Film drying cabinet. 


density. As the film dries, the emulsion tends to shrink 
unevenly. Thus, if a spot stays wet or becomes wet while 
the film is drying, the emulsion will creep from the wet 
area toward the dry areas and leave a depression that will 
have less than normal density in its center. Like. the streaks 
mentioned previously, these spots cannot be removed entirely 
and must be prevented. 

The best way to prevent drying spots is to wipe the film 
free of surface water before hanging it up to dry. In addi- 
tion to preventing water spots and streaks, sponging the 
film will frequently reduce the drying time. 

As soon as the film is dry, it should be placed in a pro- 
tective envelop. . All pertinent data concerning the negative 
and its file number should be placed on this envelop. The 


270 


negative should stay in this envelop except when examining 
it, or when actually making prints from it. Negatives 
protected by these envelops, or NEGATIVE PRESERVERS, will 
remain in good condition. Those not protected will soon 
become scratched and subjected to other assorted blemishes 
which impair the quality of the prints made from them. 


PREPARATION FOR DEVELOPMENT 


The processing of photographic emulsions is best accom- 
plished in a properly equipped darkroom. Whether this 
room is large or small, there are certain essentials necessary 
for good quality photographs. 

The room should be clean and well ventilated. Shelves, 
bottles, walls, and floors spotted with chemical solutions 
which have dried are detrimental to good photography. 
The arrangement should be convenient, with a place for 
everything and each thing in its proper place. Sinks should 
be of adequate size and constructed so they will drain 
thoroughly. Duckboards are recommended to keep trays 
and tanks above the bottom of the sinks. There should 
be adequate and correct safelights placed at recommended 
working distances. Sensitized materials other than those 
in actual use should never be stored in the darkroom. The 
temperature of the laboratory should be maintained as 
closely as possible to the normal processing temperature— 
approximately 70° F. is the most comfortable temperature. 
The well-equipped darkroom will contain the “following 
items: Waterproofed aprons to protect clothing, a supply 
of clean towels, a thermometer, a timer, and the necessary 
film hangers and trays or tanks. All darkrooms should 
be well stocked with prepared chemicals and their containers 
must be correctly labeled. In general, good photographic 
work demands that all operations be conducted in a clean, 
orderly, and systematic manner. 


Safelights 


Essentially, safelights are enclosed light sources equipped 
with a filter. (See fig. 7-3.) The function of the safelight | 
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Figure 7-3.—Safelights. 


is to transmit the maximum amount of light that can be 
used safely without damage to the sensitized materials 
being processed. Since the color sensitivity of negative 
materials varies with different emulsions, the color trans- 
mission of the light must vary accordingly to be safe. For 
example, monochromatic emulsions, those that have their 
sensitivity in the blue and violet radiations, may be processed 
under a safelight which does not transmit blue -or violet 
light. Review the “Color Sensitivity” section of chapter 
5. Table 7-1 contains the necessary information for proc- 


Table 7-1.—Safelight recommendations for negative materials. 


Safelight screen Maximum | Minimum 
Emulsion type recommended Color lamp working 
wattage distance 


ee — 





Wratten Series I__| Orange. -_-_ 
Monochromatic. -|; Ansco #A-—5 or Amber. _- 25 | 3 feet. 
#A-6. 
Orthochromatic __|} Wratten Series II__| Red_-- _- 
ie #A-7______- Red_ -_ __- eo.) o feet, 
Panchromatic*._- { Wratten Series III_| Green__- - 25 | 3f 
\Ansco #A-3______- Green__-_- oh 
Infrared_______-_- Wratten Series VII | Green__--- 25 | 3 feet. 


unsafe for pan- 
chromatic films. 








*Panchbromatic film is usually developed in total darkness by using an interval timer which 
is set to alarm at the end of the developing time. The general practice, if the series III safe- 
light is used, is to develop panchromatic materials in total darkness for 50 percent of the 
recommended time, and then to examine the film only momentarily at a minimum distance 
of about 36 inches from the safelight. 
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essing the four main types of emulsions under safelights. 
Section 10 of the Photo-Lab-Index has additional recom- 
mendations for darkroom illumination. 

The series ITI safelight may be used with infrared sensitized 
emulsions, but like panchromatic emulsions, infrared films 
are usually processed in total darkness. The series VII safe- 
light screen is recommended only for use with infrared 
emulsions. 


Choice of Degree of Development 


The activity of developers increases with temperature as 
described earlier in this chapter under Reducing Agents. 
But development carried out for a fixed time at the recom- 
mended temperature will produce the desired quality in a 
negative. Furthermore, the work can be done in total dark- 
ness, which eliminates the danger of fog, and the results will 
not depend upon skill acquired by judging densities of nega- 
tives under safelights. 

The developing time required to produce the desired quali- 
ties in a negative depends upon the following factors: Type 
of emulsion, type of developer, temperature at which the 
developer is used, and the amount of agitation the film 
receives during development. The temperature and the 
amount of agitation are recommended by manufacturers for 
all developer and film combinations. These recommenda- 
tions may be found on the instruction sheet which accom- 
panies each box, pack, or roll of film and in sections 1, 2, 3, 
5, 6, and 7 of the Photo-Lab-Indez. ; 

The temperature of all solutions should be constant during 
processing. The temperature of solutions may be adjusted 
by surrounding them in any convenient way with hot water, 
cold water, or ice, as the case may require. Never add ice 
directly to a solution because it will dilute the developer to 
an unknown degree. Ice may be placed in a container and 
suspended in the solution. An immersion heater may be 
used in the solution to raise its temperature. 

AcitatTion.—lf a film is placed in a developer and allowed 
to develop without any movement, the chemical action soon 
slows down because the developing power of the solution in 
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the emulsion and in contact with its surface becomes ex- 
hausted. If the film is agitated, however, fresh solution is 
continually brought to the film surfaces, and the rate of 
development remains constant. Therefore, agitation also 
has an important effect on the degree of development. An 
even more important effect of agitation is that it prevents 
uneven development. If there is no agitation, the exhausted 
solution, which is contaminated with bromide from the 
emulsion, may flow slowly across the film from the dense 
highlight areas and produce uneven streaks. Consequently, 
the statement of a developing time would mean very little 
if the degree of agitation was not also given. Constant 
agitation is usually recommended for the first minute or two 
of tank development, and for the entire developing time when 
processing in a tray. After 1 or 2 minutes of tank develop- 
ment, the usual recommendation is that the film should be 
agitated at least once every two minutes during the remaining 
time. 

CHOICE OF DEVELOPERS.—At the beginning of development 
there is little difference in density between the highlight areas 
of the negative which received full exposure and the shadow 
areas which received less light action. However, as develop- 
ment continues, this difference increases. Development 
should stop when the contrast between the various tones 
between light and shade reaches the differences desired. The 
activity of the developer and, to some effect, the type of film 
determine primarily this developing action. 

One type of developer does not cover all situations. For 
example, photographs exposed by poor lighting conditions 
may require a very vigorous developer to bring out as much 
of the image as possible, while a film exposed with the con- 
ditions of lighting and exposure under complete control will 
normally require a much less active developer. There are 
many different developers, each one providing different activ- 
ity and quality of development. Consequently, the actual 
choice of the developer depends on the type of film, condi- 
tions and amount of exposure, type of negative needed, and 
the developing time that is best for the method of develop- 
ment used. 
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Almost any type of negative required can be satisfactorily 
developed by one of the following standard developers: 

1. D-76, soft-working developer. 

2. DK-50, medium-contrast developer. 

3. D-19, high-contrast developer. 

Use the soft-working developer Kodak D-76, or U. S. Air 
Force type D, when a low degree of contrast is needed. 
D-76 may also be used when a medium degree of contrast is 
required. Kodak DK-50 developer, U.S. Air Force type C, 
should be used to develop films which need medium or nor- 
mal contrast and when a medium developing time is required. 
Kodak D-19, U.S. Air Force type B, is the most active of 
these developers. It produces a high degree of development, 
maximum contrast, with only a medium developing time. 

There is a considerable amount of overlap between the 
ranges of these developers. Any one of the three may be 
used for a medium degree of development provided the time 
of development is properly adjusted to the film and devel- 
oper being used. Nevertheless, the best results are obtained 
when the developer used has the characteristics that are 
recommended for the type of negative needed. For example, 
use a soft-working developer for maximum detail in a 
negative. 

FILM DEVELOPMENT CALCULATOR.—The U.S. Navy Photo- 
graphic Film Development Calculator provides development 
times for all the films included in table 7-2, and covers a 
wide range of scene types and processing temperatures as 
explained in table 7-3. It is intended for use with sheet 
films, rollfilms, and film packs when developed in tanks with 
5-second agitation every 2 minutes or at least agitated 5 
times during development. When the appropriate develop- 
ment index is used, the calculator applies equally well to 
tray development which requires continuous agitation. (See 
table 7-2.) 

The calculator includes the development times necessary 
to produce several degrees of contrast, which should render 
normal negatives for most types of subjects. (See table 
7-3.) The calculator also has developing time recommenda- 
tions for the following degrees of development: 
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Table 7-2.—Film development indexes. 


Sheet films Tray | Tank Rolffilms and packs Tray | Tank 
Commercial ____-_-_-—-- 8 11 || Panatomic-X ______- 13 16 
Commercial Ortho__-| 11 14 || Plus-X_____.______- 13 16 
Super-XX Pan__-___- 17 | 20 || Super-XX Pan__-__-- 13 16 
Tri-X Pan_________- 19 22 
Ortho-X_______--__- 19 22 


Table 7-3.—Recommended development for typical subjects. 


Subject Typical subjects Degree of Most suitable 
contrast development developer 
High_____- Subjects partly in sunlight, | Soft___-- D-76 


partly in shade. Snow scenes 
with important dark parts. 


Normal____| All average subjects under good | Medium__| DK-—50 
lighting conditions. 
Low.__..--| Average subjects photographed | Full- -- -- D-19 


on overcast day, in rain, etc. 

Underexposed—poor light, heavy | Forced_--| D-19 
haze, extremely high altitudes, 
etc. 


1. MEDIUM DEVELOPMENT. Use for all normal work. Use 
the other degrees of development only when their need is 
clearly indicated. 

2. SOFT DEVELOPMENT. Should be used for films exposed 
by very contrasty subjects, or normal subjects photographed 
under very contrasty lighting conditions; for example, a sub- 
ject partly in bright sunlight and partly in deep shade. 

3. FULL DEVELOPMENT. Required when the lighting is flat 
and subject contrast is low; lighting very hazy, cloudy-dark, 
rain, and for subjects which have low contrast. 

4. ForcED DEVELOPMENT. Should be used when maximum 
contrast and film speed are needed. For negatives known to 
be considerably underexposed, such as through bad haze, 
from extremely high altitudes, or under very poor lighting 
conditions. Only D-19 should be used for forced develop- 
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ment. Film can be forced developed longer in D-19 without 
excessive fogging than with most any other practical 
developer. 

If possible, use the developer listed as the most suitable for. 
the degree of development required. The recommended de- 
veloper will produce good quality within convenient develop- 
ing times. If the developer indicated on the calculator is not 
available, use another developer with the time indicated for 
it on the calculator. 

Excessively long developing times are not practical in any 


TEMPERATURE F 





DEVELOPMENT TIME = MINUTES 


Figure 7—-4.—Film development calculator. 
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case. However, films should not be developed in a tank for a 
shorter time than 4 minutes, nor less than 2 minutes in a 
tray. If a developing time is indicated which is not on the 
scale of the calculator, the contrast desired is impractical for 
that film and developer combination. 

DIRECTIONS FOR ASSEMBLING THE CALCULATOR.—Copy 
the calculator base (fig. 7-4) and the calculator dial (fig. 
7-5). Print the two copy negatives on a smooth surfaced 
double weight paper, or if printed on a single weight glossy 
paper they should be mounted on heavy board. Any of these 
prints, either mounted or unmounted, may be varnished for 
durability. Then cut out the dial’s shaded ‘cut-out area’’ 
and neatly trim the dial to its outward margin line. Attach 
the dial to the base by placing a circular rivet through their 
centers. The center holes should be carefully punched to in- 
sure concentric rotation of the dial. 

How To USE THE CALCULATOR.—Select the proper film de- 
velopment index from table 7-2 for the film to be processed. 
Set the dial so the development index value coincides with 
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Figure 7-5.—Film development calculator dial. 
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the mark on the temperature scale which indicates the tem- 
perature of the developing solution. Select the type of devel- 
oper in use on the lower left side of the calculator, and the 
development time can be read opposite the marker which 
indicates the degree of development desired. 


Common Film Processing Steps 


Some phases in the preparation for processing film are very 
similar, and many of them are common to practically all film 
processing methods. To avoid unnecessary repetition, these 
common steps are as follows: 

1. Always check the level of processing solutions, whether 
in trays or tanks, to assure that the film being processed will 
be completely covered. An empty film hanger or reel may be 
used to check the solution level in tanks. If the tray method 
of processing is used, only a visual check is possible. But a 
sufficient depth of solution to cover the film adequately is 
mandatory. 

2. Three trays or tanks are normally needed for processing. 
However, if a stop rinse bath is used, four tanks or trays 
should be provided. The solutions should be set up in the 
sink from left to right in the following order: Predevelopment 
water rinse, developer, stop rinse bath, and fixer. If the stop 
rinse bath is not used, the water rinse should be placed be- 
tween the developer and the fixer. 

3. Check the temperature of all solutions. Heat or cool, as 
necessary, to bring the solutions to the recommended 
temperature, and stir them thoroughly. | 

4. Check the operation of the timer. Be sure that it runs 
properly and that it is fully wound. Set it for the developing 
time required for the type of film and developer being used. 

5. Check the safelight for the following requirements: 
Correct distance, size of the light bulb used, and the screen 
for the type of film to be processed. 

6. Check the location of hangers, racks, tank lids, the timer, 
safelight switch, towel, and other equipment needed so they 
may be readily located in the dark. 

7. When it is necessary to mark film for identification, a 
pencil, a stylus with a smooth point, or a ticket punch should 
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be provided. The pencil or the stylus can be used to write on 
the emulsion side of the film near its edge by using normal 
writing pressure, and the bruise in the emulsion will be de- 
veloped into a permanent mark. Obviously, the ticket punch 
could be used to make very small holes near the edge of the 
film, which would make identification possible. 


8. Turn off all lights including safelights. Allow a few 
minutes for eye accommodation and check the darkroom for 
light leaks. If there are leaks, correct them. If it is not 
possible to stop the leaks, then the film should be shielded as 
much as possible from any direct rays of white light. 


9. With the white lights still off in the darkroom, turn on 
the safelight and check it for white-light leaks. Any leaks 
that it may have should be subdued as much as possible. 
Masking tape can be used for this purpose. 


Processing Methods 


Different methods of processing films are required for han- 
dling the various types and sizes of film. The methods also 
vary with the quantity of film to be processed. Generally, 
the two processing methods are the tray and the tank. 


Usually, the tray method is employed when only a few 
films are to be processed, and when times between certain 
types of processing is comparatively long. The tray method 
requires less equipment and a smaller volume of solutions 
than the tank method.. The most objectionable feature of 
tray processing is the subjection of the film to continuous 
handling, which increases the danger of damage. 


More equipment is required for tank processing. The tank 
method has many advantages: a larger quantity of films may 
be handled faster, uniformity is more easily maintained, and 
individual films are held by hangers, which makes handling 
simple and reduces the possibilities of damage. Larger vol- 
umes of solutions are necessary, but a given amount of 
solution will process a larger number of films. 
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TRAY DEVELOPMENT 


The tray method is very convenient for processing a few 
sheet films or even a short roll on special occasions. It is 
especially valuable in an improvised darkroom. With only 
a little practice, a dozen 4 x 5 or six 8 x 10 films can be 
processed at one time without damage. However, it is 
better to work with a few sheets and repeat the process than 
to start all the films to be processed at the same time and 
spoil several. The tray method described here has proven 
satisfactory under most conditions. It is recommended for 
use as described, and skill should be developed using this 
procedure before any attempt is made to use variations. 


Darkroom Arrangement For Tray Development 


The basic processing steps and equipment, as discussed 
previously, are applicable to tray development. The follow- 
ing equipment and its arrangement may be considered 
standard for all Naval Photographic Laboratories when 
using the tray method of processing: Clean towel, measuring 
graduate, thermometer, timer, and four trays. The trays 
should be appreciably larger than the film to be developed. 
(See fig. 7-6.) Arrange for some method of controlling the 
temperature if the darkroom is not equipped with a tempera- 
ture controlled sink. 





Figure 7-6.—Film and tray sizes. 
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Rinse the trays with fresh water as a precaution against 
contamination and prepare the solutions. The workbenches 
or tables and sinks in most darkrooms are arranged so that 
it is more convenient to work from the left to the right. 
Therefore, the solutions should be set up from left to right 
in the following order: Predevelopment rinse, developer, 
stop rinse bath, and the fixing bath. (See fig. 7-7.) If 
only one or two films are to be processed, the predevelopment 
rinse may be omitted. 





Figure 7-7.—Darkroom arrangement for tray processing. 


When the solutions are ready, place a dry, dust free paper 
or cardboard on the workbench near the predevelopment 
rinse bath. Place the exposed film holders to be unloaded 
near this clean working space. Set the timer for the correct 
developing time, place it in a convenient location on the 
workbench or table, and near the processing solutions. 
Then, turn out all lights. 


Time and Temperature Procedure 


SHEET FILM.—Remove one film from its holder and place 
it face down (emulsion side down) on the paper or cardboard. 
Remove the second film and place it face down on the first. 
Continue until all the films to be developed have been 
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placed in a loose pile on the space provided for them. How- 
ever, as stated earlier, do not attempt to develop more than 
four or six films for the first several processes. 

Submerge the films one at a time in the tray of water which 
should have the same temperature as the other processing 
solutions. Pick up the film on top of the pile with the 
left hand (keep the left hand dry until all films have been 
placed in the water), drop it emulsion side down into the 
water, and immerse it quickly with the right hand. Pick 
the film up immediately, turn it over (emulsion up) and 
push it back under the solution. Place the wet film, emul- 
sion side up, at one end of the tray. Immerse the next 
film in the same manner. Stack it on top of the first film, 
and continue with this procedure until all the films are 
stacked in a pile at one end of the tray. The left hand 
should follow the last film into the tray to assist in the 
agitation of the films. 

Wet film may be handled with wet fingers. But extreme 
care should be taken to keep wet fingers orr dry films. 
Slight pressure with the balls of the fingers is not harmful 
to a wet emulsion unless it becomes swollen excessively. 

The film should be agitated or shifted constan ly to 
prevent the individual sheets from sticking together. Agita- 
tion is accomplished by moving the first film from the 
bottom of the stack and placing it on top, or by starting a 
new stack at the other end of the tray. Continue agitating 
the films from bottom to top until they become completely 
saturated with water—between one or two minutes is 
sufficient. After the emulsion is completely saturated, the 
danger of films sticking together is no longer a problem. 

Note: Presoaking the film in water prevents it from 
sticking together in the developer. If sticking occurs in 
the developer, it will cause streaks and uneven development. 
Presoaking assures even developer absorption by the emul- 
sion. It also causes a slight increase in the time required 
for normal development because complete saturation of the 
emulsion by the developer is delayed. Compensation for 
this increase in time should be made when determining the 
developing time. 
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Remove the films one at a time from the water rinse and 
immerse them in the developer. Place the films in the 
developer emulsion side up, slide them under the surface of 
the solution quickly, and agitate them vigorously to eliminate 
any possible air bells. Start the timer when the first film is 
placed in the developer. Use the left hand to remove all 
films from the water, and be careful not to get it contaminated 
with developer. The left hand should follow the last film 
transferred from the water into the developer to assist with 
the agitation. 

Norte: Jt is important to be able to quickly locate the 
first film placed in the developer. Thus, aline the long 
dimension of all subsequent films at a right angle to the 
first film placed in the developer. 

The films are immersed emulsion side up in the developer 
to minimize the possibility of damage, which might occur 
if the emulsion, already softened by presoaking, is allowed to 
come in contact with the bottom of the tray. Be careful 
not to dig or drag the corner or edge of any subsequent 
films into the emulsion surface of the film below it. Do not 
allow ‘the fingernails to touch the emulsion at any time. 
Stacking the films by alining their edges against the sides 
of the tray will help prevent scratches and abrasions. 

Agitate the films constantly. Move the film from the 
bottom of the stack, place it carefully on top, and press it 
down gently: to assure a flow of solution over its surface. 
Tray development is considered to involve constant agitation, 
and the development time is less than if the same film were 
being developed with intermittent agitation. However, if 
the films are agitated very slowly, or if the number of films 
being developed is so large that an appreciable interval exists 
between the handling of each film, the agitation should be 
considered intermittent, and the developing time should be 
adjusted to the frequency of agitation. 

When the timer rings, remove all the films from the devel- 
oper one at a time, in the same order in which they were 
placed in the developer, and submerge them in the stop rinse 
bath. The right hand should go into the stop bath with the 
first film, and stay there to handle each film as it is transferred 
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from the developer by the left hand. Use the left hand only 
to transfer the film in order to avoid contamination of the 
developer and spotting of the film. A few drops of developer 
will not materially affect the stop rinse bath, or a fixing bath, 
but a few drops of either of these baths will ruin a developing 
solution. 

After all the films have been shifted several times in the 
stop rinse bath, they should be transferred individually to 
the fixing bath orhypo. It 1s necessary to agitate vigorously 
in both the stop bath and the hypo, because gases are 
released in these solutions and there is danger of gas bells 
forming on the film surfaces. If these gas bells or bubbles 
are allowed to form, they will cause dark spots. This is 
due to the continued action of the developer under the 
bubbles. Shift the films several times in the fixing bath, as 
agitated in the developer, and then the safelights or the 
white lights may be turned on. Continue shifting the films 
until they lose the cloudy or creamy appearance and turn 
dark all over. Note the time required for this change to 
occur because it will be just half of the total required fixing 
time. Shift the films several times during the second half 
of the fixing time. Continuous agitation is not necessary. 

After fixing is completed, transfer the negatives to the 
wash water where agitation should be continued unless a 
regular film washing tank or tray is available. The negatives 
may be put in regular film hangers for washing. If so, the 
hangers should be loaded underwater to avoid scratching the 
films with the dry hangers. Usually, however, when devel- 
oping is done by tray, the washing also has to be done by tray. 

Wash the negatives thoroughly and give them the sponging 
treatment as previously described. Then hang them to dry. 

Fitm pack.—Processing a film pack by the tray method is 
essentially the same procedure as used for developing sheet 
films. However, the predevelopment water rinse serves two 
purposes when tray developing film pack. It provides all 
the advantages applicable to sheet film and permits the 
removal of the paper backing which is glued onto one end 
of each film in the pack without any loss or contamination 
of the developer. 
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Prepare the darkroom, solutions, and equipment for devel- 
oping procedures. Turn out all the lights and remove the 
exposed films from the film pack. Place each film individ- 
ually into the predevelopment water rinse bath. Soak the 
films with agitation for 1 to 2 minutes. Then remove the 
paper backings from each film and discard the papers. The 
remainder of the process is identical to the procedure for 
tray developing sheet films. 

Ro.iritM.—Rollfilms are processed by the tray method 
using the same number of trays and solutions. The only 
difference in the procedure is that rollfilms require a different 
method of agitation. Prepare the darkroom for processing 
as explained previously. Provide two film clips, which is 
the only additional equipment needed, and place them on 
the table by the roll of film to be developed. Turn out 
all lights. 

Unroll the paper backing and fasten one of the film clips 
to the end of the film. Attach this film clip to a hook on 
the wall or darkroom shelf, about six feet above the floor, 
and slowly unwind the film while maintaining a slight 
tension on the film which has been unrolled to prevent 
coiling. Detach the other end of the film from the paper 
backing and attach the second film clip to this end of the film. 

Take the upper clip off the hook and allow the film to sag in 
a U-shape with the emulsion side down. Dip the bottom 
of the U into the water rinse and pass the length of the film 
back and forth through the water by alternately lowering 
one end while raising the other. (See fig. 7-8.) Continue 
agitating the film in this way for about a minute. The 
water rinse serves two purposes: It prevents the formation 
of air bells when the film is placed in the developer and 
greatly reduces the tendency of the rollfilm to curl. 

Turn the film over, emulsion side up, start the timer, and 
transfer the film to the developing solution. Pass the film 
back and forth through the developer, as described above ~ 
for the rinse bath, and continue agitation in this way until 
the timer rings. Transfer the film to the stop rinse bath, 
and quickly pass it back and forth several times. 
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Figure 7-8.—Asitating rollfilm in a tray. 


Transfer it to the fixing bath and agitate it for about two 
minutes. Then the darkroom lights may be turned on. If 
the fixing solution is deep enough in the tray, one end of the 
film can be placed in the tray, and the entire length of the 
film can be lowered into the tray in folds. However, if the 
tray is shallow or the roll is very long, it will be better to cut 
the negatives into several shorter lengths of film which will 
fit inside the trav. The film should be moved several times 
after it has cleared to insure thorough fixation. When the 
fixing is complete, place the film in the wash. Both the 
washing and the drying should follow the procedures pre- 
viously recommended. 
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TANK DEVELOPMENT 


Tank development is recommended for processing a 
number of films at one time, or a few films at comparatively 
frequent intervals. The solutions and the tanks are deep 
enough to completely cover the films in the vertical position. 
The films are supported individually in the tanks by metal 
film hangers such as shown in figure 7-9. Films supported 
in this way are much less subject to mechanical damage. 
The solutions last longer when used in tanks, and process 
many more films than when they are used in trays. 


/ 





Figure 7-9.—Sheet film hangers for tank development. 


All types of tank development consist basically of tanks 
to hold the solutions, and racks, reels, or hangers to support 
the films while in the solutions. The solutions used should 
have good keeping qualities, and they should be the type 
that can be renewed by the addition of fresh solution so the 
volume in the tanks can be maintained at the proper working 
level. 

The minimum number of tanks that can be used is three: 
one each for the developer, water rinse, and the fixing bath. 
However, if the predevelopment rinse is used, four tanks will 
be necessary. The fourth tank will be needed, as explained 
earlier, for the stop rinse bath. 

A film hanger is simply a channeled frame suspended below 
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Figure 7-10.—Equipment for tank developing sheet films. 


a bar. (See fig. 7-9.) The bar is long enough to reach 
across the tank and allow the frame to hang below the surface 
of the solutions. The frame has channel pieces on the bot- 
tom and both sides, and a hinged channel across its top. 
Each hanger holds one film. The hangers are manufactured 
in three sizes to accommodate the following three sheet 
film sizes: 4 x 5, 5 x 7, and 8 x 10 inches. After the films 
are loaded into the hangers, they may be carried through the 
entire process without being touched by the hands. 


Darkroom Arrangement for Tank Development 


- The darkroom should be checked using the steps common 
to all film processing as explained earlier in this chapter. 
After checking the solutions and their arrangement, check 
the temperature of the solutions and the safelights. Then 
arrange an adequate supply of clean, dry, empty film hangers 
on a rack, and an empty rack to hold the loaded film hangers. 
If the darkroom is not equipped with racks to hold the film 
hangers, as shown in figure 7-10, a clean towel spread on the 
loading table will help prevent the empty hangers from slid- 
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ing around, and empty processing tank can be used to hold 
the loaded hangers. Set the timer, place the exposed film 
holders between the empty film hangers and the rack or 
tank that will be used to hold the loaded hangers, and turn 
out all lights. 


Time and Temperature Procedure 


SHEET FILM.—Remove one of the sheet films from its 
holder. Take a hanger in one hand and place the thumb at 
one end of the hinged channel. Push the hinged channel 
up and back with the thumb until the film can be slid along 
the inside of the end channels to the bottom of the frame. 
(See fig. 7-11 (A).) HANDLE THE FILM BY THE EDGES ONLY. 
Make sure the film is properly seated in the three channels 
of the hanger. (See fig. 7-11 (B).) When the film is 
properly seated in the side and bottom channels, bring the 
top channel forward and down over its top edge. (See fig. 
7-11 (C).) This encloses all four sides of the film in the 
channeled frame. Set the loaded hanger on the rack or in 
the empty tank provided to hold it. 





Figure 7-11.—Loading a sheet film hanger. 
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Figure 7-11.—Loading a sheet film hanger—Continued. 
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- The films should be loaded into the hangers with the 
emuslion side facing the operator. This will prevent the 
top channel from scratching the emulsion as the film is slid 
into the channeled frame. Load the other films to be 
developed in the same manner. However, do not load more 
hangers than can be handled conveniently in the tanks at 
one time. The cut film tanks will hold a dozen 8 x 10 
hangers, or 24 of the two smaller sizes. 

When the hangers are. loaded, lift all of them by their 
crossbars and lower them into the predevelopment water 
rinse. They should be lowered into the tank until the hanger 
crossbars rest on top of the tank. The predevelopmenu 
water rinse is optional when using the tank method of devel- 
opment, but the water rinse has all the advantages previously 
discussed plus the following: 

1. The air bubbles which usually occur when dry film is 
immersed in a solution can be removed without any harmful 
effect in the predevelopment water rinse. 

2. When the water softened emulsion is placed in the 
developer, the action of the solution will begin uniformly over 
the entire emulsion. Thus, uneven or streaky development 
is avoided. 

3. The predevlopment water rinse removes the antihala- 
tion backing dye, which interferes with the action of some 
developers. 

4, The water rinse will bring the temperature of the film 
and the hangers to the processing temperature. This is of 
considerable importance when attempting to maintain 
constant temperatures in all of the processing solutions. 

The water rinse is given by immersing the loaded hangers 
in a tank of water and agitating them for about 2 minutes. 
The temperature of the water should be the same as that of 
the other processing solutions. The loaded hangers are 
then lifted out of the water, drained and processed in the 
usual manner. | 

Immerse the hangers in the developer slowly and smoothly 
to avoid splashing or the formation of air bells. Air bubbles 
usually result when films are immersed rapidly, especially 
if the predevelopment water rinse is not used. All the 
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hangers should be immersed simultaneously to assure uni- 
form agitation and development. 

Strike the hangers sharply against the sides of the tank 
several times to dislodge any air bell that may have formed. 
Start the timer and leave the hangers undisturbed for 
approximately 1 minute. After the first minute of develop- 
ment, agitation should be at regular intervals and by a 
fixed schedule. 

The processing tank will usually have space enough for 
several additional hangers. But this space is needed for 
proper agitation of the film hangers. Agitation may be 
accomplished by pushing the hangers slowly back and forth 
from one end of the tank to the other, or by lifting them out 
of the tank, draining them momentarily, and replacing them 
in the solution. The objective is to assure an even flow of 
fresh solution over the surfaces of the films regularly accord- 
ing to a fixed schedule. 

At the completion of the developing time, lift all of the 
hangers out of the solution, let them drain for a few seconds, 
and lower them into the second rinse, or the stop rinse bath. 
Shift them several times in this rinse, drain them again, 
lower them into the fixing bath, and agitate them constantly 
for 2 or 3 minutes. 

The fixing and thé“Wwashing requirements are the same as 
described previously in this chapter. When the washing is 
completed, remove each film from its hanger, give it the 
sponge treatment, and hang it up to dry. 

If the wet films are dried in the hangers, there will be a 
number of drying marks along the edges of the film, thus 
reducing the actual usable size of the negative image. It is 
better to suspend each film individually from a line with a 
film clip, and dry the hangers without films in them. 

Fitm pack.—The tank method for developing film pack 
differs from the sheet film tank method primarily in the type 
of equipment used. The film pack developing tank used and 
supplied by the Navy is the No. 2 Eastman Film Pack Tank. 
(See fig. 7-12.) The film pack tank equipment consists of 
a stainless steel tank, stainless steel cage to hold the films 
individually, a light-tight lid, and a small stainless stecl 
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Figure 7-12.—Film pack tank. 


hook which is used to lower the loaded cage into the tank of 
developer. 

Remove the tank cover and take the film cage out of the 
tank. Pour enough developer into the tank to bring the 
level of the solution up to the embossed ring near the top of 
the tank. Turn out all lights. Remove the film from the 
pack and load each film into an individual compartment of 
the cage. Do not remove the black paper backing from the 
film. Hold each film by the paper backing with the torn end 
of the paper up. Bend the short sides of the film into a 
U-shape between the thumb and fingers until the long sides 
of the film are together. Then slide it carefully all the way 
to the bottom of the cage compartment. (See fig. 7-13.) 

Make sure the metal center strip, which extends into the 
center of the film compartment from the center of the cage 
core, protrudes between the long sides of the film. If this 
metal centerpiece is between the sides of the film, it will 
prevent the sides of the film from sticking together during 
development. If the edges of the film stick together, there 
will be areas of complete transparency which are due to a 
lack of development. Load each of the exposed films in the 
same way. Insert the cage loading hook into the hole in 
the top of the center core rod of the cage. 


294 





Figure 7-13.—Loading the film pack tank cage. 


The predevelopment rinse may be used, and it will give 
all the advantages previously discussed. An immersion of 
approximately two minutes in a tank of fresh water will be 
adequate. 

Lower the cage smoothly into the tank of developer. 
Then strike it sharply against the bottom of the tank two 
or three times by lifting it slightly and letting it drop. This 
dislodges any air bells that may have formed. Remove 
the loading hook, place the lid on the tank and tighten it 
securely by turning it clockwise. After thirty seconds 
invert the tank and turn the tank end for end at thirty- 
second intervals until the developing time is completed. 
Development may be carried out in white light with the tank 
cover in place, but the lights must be turned off to start the 
rinse and fixing processes. 
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After development is completed, turn off the lights and 
remove the.tank cover. Lift the film cage out of the tank 
and immerse it in water. Quickly remove each film from 
the cage, take the black backing paper’ off each film, and 
place the film in a tray of hypo. Agitate each film vigorously 
in the hypo. The fixing, washing, and drying are accom- 
plished as with the tray method for Brocessi0e sheet film 
and film pack. 


Developing Rollfilm in a Small Tank 


It is more convenient to develop a roll of film in a small 
tank than in a tray. The results are usually better, and the 
possibilities of damage to the film are minimized. Design 
details and construction differs somewhat among the various 

ad 
models of small rollfilm tanks, so“ obviously there are cor- 
responding differences in details of loading, manipulation, 
agitation, etc. 

In general, the equipment consists of a small tank, a reel to 
support the roll of film, and a light-tight cover. (See fig. 
7-14.) Remove the cover and the reel from the tank. 
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Figure 7-14.—Rollfilm developing tank. 
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Put enough developer in the tank to bring the solution level 
up to the embossed ring near the top of the tank. Turn 
out the lights and load the film into the reel. Then place 
the loaded reel into the tank of developer and replace the 
light-tight cover. After this, the room lights may be turned 
on and the other operations carried out in the light. 


Agitation is accomplished by shaking the tank. Some 
tanks are designed so the reel can be twisted or rotated 
within the tank. At the end of the developing time, the 
developer can be poured from the tank through the light- 
trapped pouring hole. Fill the tank with water by running 
it into the pouring hole, agitate the film, and pour the water 
out. Do this to or three times to rinse the film. 


After the films have been rinsed, pour the fixer into the 
tank, agitate the film continuously for one minute. Then 
agitate the film at intervals during the remaining fixing time. 
The film may be washed by removing the tank cover and 
running a stream of water into the tank or by placing the 
film reel in a regular washing tank. The sponging and 
drying is carried out in the same way as explained in the 
tray method for rollfilms. 


NEGATIVE QUALITY 


The time required to produce any particular quality of 
development varies with different developers and types of 
film. A developing time is recommended for each film and 
developer combination. These times should be used until 
experience has clearly shown the effects of development. 
After you know how to recognize and properly identify 
negative quality, you will be more capable of controlling 
the quality of your negatives with development. 


Generally, it is agreed that a normal negative is one that 
will produce a pleasing print or reproduction of the original 
scene when printed on a normal printing material. If a 
negative is normally exposed on a film of normal qualities 
and developed for a normal time in a developer of normal 
stsength, it will be a normal negative. However, when a 
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negative varies from normal, the photographer should be 
able to determine which of these conditions may be at fault. 

A negative has several characteristics to be considered 
when evaluating its quality. That is, a negative has certain 
definite properties such as gradation, tone separation, 
density, contrast, grain, etc. These properties may be 
changed by the photographer, yet they greatly influence 
the quality of the final photograph. It is not difficult to 
determine what condition produced an error and thus learn 
how to avoid poor negative quality in the future. | 

The terms density, contrast, highlights, and shadows were 
defined in chapter 5 under the heading ‘‘Contrast.’”’ How- 
ever, with the added understanding of the basic definitions, 
these terms may be further explained to show how they 
affect the characteristics of the negative. 

The basic characteristics of negative quality will always 
be in accordance with the conditions under which a negative 
is made. Therefore, photographers should learn the normal 
appearance of the following characteristics in order to 
recognize any departure from normal: 

1. General negative density or opacity to light. 

2. Image highlights or areas of greatest density. 

3. The shadows or areas of least density. 

4. Contrast, or the differences, between highlight density 

and shadow density. 

5. Tonal gradation, or the range of grays, between the 

highlights and the shadows. 

All characteristics of negatives are affected by a combina- 
tion of both exposure and development. By studying these 
characteristics, the cause of an error in a negative of poor 

quality can be determined with considerable accuracy. 


Density 


Density determines how much of the incident light falling 
upon a negative will pass through the image. If very little 
silver is present in the negative, the image appears thin 
(transparent) and it is said to have a low density. If there 
is a large amount of silver present, very little light will pass 
through the image, and the negative is said to have a high 
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density, or it may be called a heavy or even adense negative. 
But average or normal density varies considerably according 
to the method used to make prints from the negative. Thus, 
a dense negative is more easily printed by contact than by 
projection; whereas, a thin negative is much easier to print 
by projection than by contact. 


Highlights 


The highlights or dark areas of a negative for most purposes 
should not lack detail. If any detail is missing, the high- 
lights are termed too dense, choked up, or blocked out. 
The highlights in a negative will lack sufficient detail if 
they are too dense. The detail will be missing in both the 
highlights and the shadows if the highlights are thin. 


Shadows 


_ The shadows or the more transparent areas of the negative 

should also contain detail. If these areas are so thin and 
weak that the outlines of the image are lost, the shadows are 
termed lacking in detail or blank. 

The need of detail in both the highlights and the shadows 
for photographs of most subjects cannot be stressed too 
strongly. One is just as important as the other in the 
production of good photographs. 


Contrast 


Contrast is the difference in density between the highlights 
and the shadows. If this difference is great, the negative is 
said to have great contrast. If the negative has less contrast 
than the scene from which it was made, the negative is 
described as having reduced the scene contrast. This 
quality may be desirable in some cases in order to produce a 
photograph that will have a pleasing contrast. 


Tonal 'Gisdeiiee 


Photographers often refer to the density and detail of 
important highlights and shadows when actually many 
times the middle tones are the most important. The middle 
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tones are the variations of the range of grays between the 
highlights and the shadows. That is, the densities which 
are not highlights or shadows are termed middle tones, or 
halftones, for identification. They are also called the inter- 
mediate tones of the image. The brightnesses between the 
highlights and shadows of a subject should be correctly 
reproduced as density variations by the middle tones of a 
negative. However, the middle tones vary with the film 
type and with subject contrast, and may be omitted in the 
evaluation of negatives of some subjects. 


The Effects of Exposure and Development Variations 


Figure 7-15 illustrates the characteristics of negatives and 
their appearances under several variations of exposure and 
development. Study them and refer to them frequently 
when evaluating the quality of your negatives. 

Figure 7-15 is a reproduction of nine negatives which 
shows by comparison the effects of exposure and develop- 
ment variations on the same subject. Reading from left to 
right they show the effects of development; reading down- 
ward they show the effects of exposure. The center negative 
has received normal exposure and development. It is 
considered the negative that will render the best print. 
The three negatives to the left have been underdeveloped. 
The negatives on the right have been overdeveloped. 

The three negatives across the top of figure 7-15 lack 
detail in the shadow areas, and increasing the development 
had no appreciable effect upon this lack of detail. Little 
can be done to improve an underexposed negative. Under- 
exposure may always be identified by the lack of detail in 
the shadows. 

The three negatives across the center of figure 7-15 
received normal exposure and they have shadow detail. 
The left center negative is underdeveloped. It is flat, lacks 
the contrast of the center negative, and differs from the flat 
negative (the underexposed and underdeveloped negative) 
above it in its rendering of shadow detail. The right center 
negative has lost the detail in its highlight areas due to 
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—Effect of exposure and development. 


igure 7-15 
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overdevelopment (excessive contrast). The highlights in 
both the right center and the lower right negatives are too 
dense. 


All three of the negatives on the right are overdeveloped 
and they have too much contrast. The normally exposed, 
overdeveloped negative is so dense that almost no detail is 
visible in the highlights. The highlights of the overexposed 
and overdeveloped negative are completely blocked out. 


Underexposure is indicated when the shadow areas lack 
detail. Overexposure is indicated when the shadow areas 
are dense. Underdevelopment is definitely shown when 
there is good detail in a thin-flat negative. Excessive 
contrast usually means overdevelopment. 


Observe that when a normally exposed negative is given 
normal development, it will have clearly defined detail in all 
parts of the image from the strongest highlights to the 
weakest shadows. The contrast will be satisfactory. It 
may not exactly reproduce the contrast of the original subject, 
but it will have sufficient contrast to produce a pleasing re- 
production. 


If a film is overexposed and normally developed, the high- 
lights in the image will show a loss of detail. Giving the 
overexposed negative less than normal development may 
save some highlight detail, but it will also reduce the contrast. 
If the overexposed film is overdeveloped, all highlight detail 
will be destroyed and may also give reduced contrast. 


Many natural scenes have such a high degree of con- 
trast that no film can reproduce it exactly. But these 
views can be satisfactorily recorded and reproduced in a 
lowered degree of contrast. Thus, a very contrasty scene 
should be given enough exposure to record the shadows, and 
then developed to bring the highlights to the most satis- 
factory contrast. The result is to compress the contrast or 
scale of tones in the scene to usable limits in the film. 

A negative may have poor tones, be below average density, 
or have several other qualities usually considered incorrect. 
But if good prints can be produced from it using normal 
procedures and materials, it is a normal negative. There- 
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fore, the final decision rests with the results when the nega- 
tive is printed. 


SAFETY PRECAUTIONS 


There are several fundamental laboratory practices which 
should become more or less second nature for every photog- 
rapher. The quality of your photography will be affected 
by variations or departure from these basic procedures. 
Some of the following procedures have been mentioned before, 
but they are in order here. 


Safelight Efficiency 


To check the efficiency of the safelight, a small piece of un- 
exposed film of the type ordinarily used with the safelight is 
laid emulsion side up at the usual working distance from the 
light—approximately 30 inches. Then, place an opaque 
object over part of the film and turn on the safelight for the 
same amount of time that the material is usually exposed 
during processing. Develop the test strip of film. If the 
results show any difference in density between the part of the 
film that was covered and the part that was exposed, the 
safelight is not safe. There are two remedies for an unsafe 
light. One is to increase the working distance and another 
is to reduce the illuminating capacity of the light bulb in the 
safelight. In either case, further safety tests should be made. 
The above test will not be effective with panchromatic film 
under the series ITI green safelight. When using this light, 
the directions previously given should be followed. All 
tests using the directions above should be made with dry 
film, because a dry emulsion has the greatest sensitivity to 
light. 


Arrangement of Equipment 


Decide upon a plan for the work to be done, and arrange 
the workroom equipment to fit that plan before attempting 
the job. Take sufficient time to do each part of a process 
correctly. Maintain accuracy and expect quality from all 
processes. Production speed will follow careful planning 
and good work habits correctly applied. Remember, 
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practice makes perfect more quickly when correct methods 
are used. 


Cleanliness 


Keep the hands clean and dry when handling dry films. 
_ Keep all film holders as free from dust as possible. Wipe off 
all shelves and tables every day, especially before handling 
films or papers. | 

When shifting from one solution to another, the hands 
should be rinsed in clean water between solutions. Keep an 
adequate supply of clean towels on hand. Any solutions 
spilled on tables or decks should be cleaned immediately. 
Try to prevent splashing solutions out of containers. To 
avoid chemical dust and spots on sensitive materials NEVER 
SHAKE WET HANDS IN THE PROCESSING ROOM. The proper 
procedure is to rinse the hands in water and dry them on a 
towel. 

UsE FResH soLUTIONS.—Do not mix large quantities of a 
solution when only a little is needed. When in doubt con- 
cerning the quality of any solution, test it. When it shows 
definite signs of becoming exhausted, discard it and mix a 
fresh one. Films can be ruined and valuable photographs 
lost by being too careless to check the quality of solutions 
before starting a process. Never allow solutions to stand 
in trays after a process is finished. The solutions will 
oxidize and the products thus formed will stain the trays. 
Dirty, stained trays and equipment follows careless work 
habits. 

THE FINAL CLEAN uP.—When the work is finished, clean 
the equipment and return it to its proper place. Place all 
trash and waste materials in the cans provided for that pur- 
pose. Wipe down the tables, shelves, sinks, and other equip- 
ment used. Sweep or mop down with a damp mop, to pick 
up all dust or dirt. When you leave a workroom, no further 
cleaning should be required before beginning work again. 
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QUIZ 


. The process which reduces exposed silver halides to blackened 
(free) metallic silver is termed 

a. fixation 

b. development 

c. finishing 

d. processing 


. Elon, Metol, Pictol, and Rhodol are commercial trade names for 
a/an 

preservative 

restrainer 

activator 

. developing agent 
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is the chemical most commonly used as a preservative 
in developing solutions. 
a. Sodium bisulfite 
b. Sodium sulfate 
c. Sodium sulfide 
d. Sodium sulfite 


. The ___________ in a developing solution reacts with the exposed 
silver halide in an emulsion and separates the silver from its com- 
pound. 

a. reducing agent 

b. preservative 

c. accelerator 

d. restrainer 


. The ____+______ in a developer prevents the formation of colored 
oxidation products which cause stains. 

a. reducing agent 

b. preservative 

c. activator 

d. restrainer 


. The ___________ is added to a developer to make the solution 
alkaline. 

. developing agent 

. preservative 

accelerator 

. Trestrainer 


aoe of 
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7. A/an _____—.:s»éprolongs development and prevents fog. 


a. activator 

b. reducing agent 
c. preservative 
d. restrainer 


8. Negatives should be rinsed in water after development and before 


10. 


11. 


12. 


13. 


fixing to 
a. prevent chemical fog 
b. reduce action of the developer 
c. remove unexposed silver halides 
d. stop development 


. The purpose of a fixing bath is to 


a. dissolve streaks caused by convection currents in the de- 
veloper 

b. dissolve the silver halides left in the photographic material 
after development 

c. dissolve the alkali of the photographic material after develop- 
ment 

d. harden the gelatinous surface of the negative and prevent 
swelling 


.The chemical added to the fixing bath to stop the action of the 


developer is 
a. acetic acid 
b. sodium thiosulfate 
c. sodium sulfate 
d. potassium bromide 


The hardener in the acid hardening fixing bath is 
a. sodium sulfite 
b. sodium borate 
c. potassium alum 
d. sodium metaborate 


All solutions in photographic processing should be maintained at 
approximately F. 

a. 78° 

b. 68° 

c. 65° 

d. 75° 
When normally used, one gallon of fixing bath will process 
8 x 10 negatives 

a. 80 to 100 

b. 70 to 90 

c. 60 to 80 

d. 90 to 110 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


The minimum washing time for negatives in running water is 20 
minutes when a complete change of the water occurs every 
minutes. 

a. 2 

b. 3 

c. 4 

d. 5 


If water drops are not removed from film before drying, they will 
produce 





a. holes in the negative 

b. black spots on the negative 
c. spots of uneven density 

d. clear spots on the negative 


Lack of agitation during development may produce 


a. a flat negative 

b. streaks on the negative 
c. a contrasty negative 

d. fog on the negative 


With an increase in developer temperature, film will 


a. give a flat negative 

b. produce less grain 

c. give a stained negative 
d. develop more rapidly 


Which of the following standard developers would be used for 
medium-contrast development? 

a. D-76 

b. D-72 

c. DK-50 

d. D-19 


The most objectionable feature of tray development is 


a. continuous handling of film 
b. more solution is required 
longer developing times 

d. more equipment needed 


© 


Presoaking of film before tray development is to 
a. shorten developing time 
b. get film at developable temperature 
c. prevent film from sticking together 
d. make film easier to handle 
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21. 
. Highlights b. Determines how much of the incident light 


23. 


25. 


26. 


27. 


MatcH CoLumNn A witH CoLumn B 


A B 
Density a. The most transparent areas of a negative 


falling upon a negative will pass through the 


image 
Shadows c. The difference in density between highlights 
and the shadows 
. Contrast d. The dark areas of a negative 
Air bells in a negative are caused by 


a. improper agitation 

b. dust and dirt 

c. uneven development 
d. rough handling of film 


The deep tank method of negative development is preferred to the 
tray method primarily because 


a. better control of development is possible 

b. excessive contrast is eliminated when developing by tank 
c. more developer can work on negative areas 

d. less time is required to complete the developing process 


To obtain maximum contrast from a flat lighted subject, the proper 
procedure would be to give the film 


minimum exposure and minimum development 
. minimum exposure and maximum development 
maximum exposure and minimum development 
. Maximum exposure and maximum development 


ao op 
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CHAPTER 


POSITIVE MATERIALS 


The most familiar photographic image, whether it is on a 
transparent support or an opaque support, is called a post- 
TIvE. The finished photograph is so termed to distinguish it 
from the negative image, in which the lights and shades of 
the subject are reversed. Motion pictures and film slides 
are positives on a transparent material, while the common 
photographic print is a positive on paper. Positives on 
transparent materials are viewed by transmitted light, either 
directly or by projection, but positives on opaque materials 
are viewed by reflected light. 

In chapter 5, light sensitive materials were divided into 
two general groups: Materials for negatives and materials 
for positives. There the properties, requirements, and 
characteristics of negative materials were described. This 
chapter will discuss the materials that are best suited to 
the requirements for positives. Positive materials will be 
discussed from the point of view of properties, character- 
istics, and application. 

The proper use of positive materials requires some knowl- 
edge of the different emulsions, and the base on which these 
emulsions are coated. The bases for positive materials will 
be described first, and then the emulsion types, sensitivity, 
contrast, and surfaces will receive consideration. 


BASES FOR POSITIVES 


The materials used as the support for positive emulsions 
should possess two important qualities. First, it must not 
cause any harmful action in the emulsion, either to the light 
sensitive compounds or to the silver grains of the developed 
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image. Second, it must remain unaffected by the processing 
solutions. Cellulose derivatives, glass, and paper are the 
most commonly used materials which meet these require- 
ments. 


Construction 


CELLULOSE DERIVATIVES.—Cellulose nitrate, cellulose ace- 
tate, and other acid cellulose compounds are commonl y 
used supports for emulsions. Their construction and physical 
properties were described previously, and the section which 
discusses ‘‘Bases and Supports” in chapter 5 should be re- 
viewed. Then, it will be sufficient here to state that they 
are also used as the support for all positive films. 

Guass.—The cellulose bases have largely replaced glass 
as the support for most emulsions. However, glass is still 
used for special purposes where rigidity and absolute free- 
dom from expansion and contraction are important. Its 
main disadvantages you should remember are weight, bulk, 
fragility, and inflexibility. 

Positive emulsions coated on glass plates are useful for 
LANTERN SLIDES, SCIENTIFIC PHOTOGRAMMETRY, and PHOTO- 
MECHANICAL REPRODUCTION. Specially selected cast or 
drawn glass is suitable for most small plates, but ground and 
polished plate glass is used in special cases and for the larger 
size plates. 

Paper.—Paper bases are primarily used as the support 
for positive emulsions. There are a few special uses for 
paper as the base for negatives, but they do not necessarily 
concern Navy photographers. Photographic papers are the 
materials on which the photographic print is made. A wide 
variety of paper types are offered by manufacturers. The 
papers usually procured for the Navy are made by Ansco, 
Du Pont, Haloid, and Eastman Kodak. The great variety 
of papers produced by all manufacturers can be easily com- 
pared by referring to the photographic papers section of the 
Photo-Lab-Index, NavAer 10-1-—510, which lists these papers 
in ready reference form. 

The paper used as the base for emulsions is the highest 
grade of paper available. Originally it was made from cotton 
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rags, but today the most stable papers are made from high- 
grade sulphite woodpulp and processed to be as free from 
chemical and metallic contamination as possible. This 
paper stock is very superior paper, able to absorb punish- 
ment that would ruin ordinary types. It withstands alkaline 
and acid solutions, handling while wet, and thorough wash- 
ings. Furthermore, its chemical purity prevents chemical 
reactions with the solutions it encounters during processing. 
The purity of woodpulp that can be procured today, plus 
improved sizing techniques used by paper manufacturers, 
has produced paper which greatly surpasses the sTABILITY 
and PERMANENCE of all the previous paper bases. The in- 
creased inherent durability has improved the keeping 
qualities of both the unexposed emulsions and the developed 
image. That is, the expected useful life of sensitized paper 
has been lengthened, and the time factor as related to the 
usefulness of the developed image has been greatly extended. 
For example, in the past, paper positives became very brittle 
and turned yellow with age, but correctly processed prints 
on these improved papers are considered permanent. 
Dimensional stability generally refers to the change in 
size that prints undergo as a result of processing and varia- 
tions in relative humidity. Paper is inherently unstable, 
but manufacturers concentrate on keeping the changes uni- 
form from one sheet to another. Therefore, the dimensional 
changes will be approximately the same for all the sheets 
processed from the same box of paper. Maximum size unl- 
formity, however, will be obtained only when all prints are 
processed and dried under the same conditions. The size 
changes that do occur are usually greater in the short dimen- 
sion of each sheet than they are along the length of the sheet. 
The improved paper bases are produced by adding sizing 
agents to specially fibrillated woodpulp in water. This 
mixture is refined and coated on the continuous moving wire 
of a papermaking machine which transforms watery pulp 
into a long sheet of paper. This sheet is passed between 
highly polished revolving rollers which are heated to press 
and dry it. Then the long sheet is wound into rolls. 
In most cases, after the paper is pressed and dried it is 
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coated with a very thin layer of baryta, which fills in the 
pores of the paper fibers and provides a smooth surface for 
the emulsion coating. The baryta coating is composed of 
barium sulfate in water. This special coating process also 
greatly increases the reflecting power of the paper. The 
added brilliance of baryta coated papers is an important 
factor in the detail and clarity of the finished photograph. 
Baryta is not coated on papers which may be folded or 
creased for handling because it is slightly brittle and will 
cause a creased emulsion to crack. 

The color or tint of paper emulsions is controlled by mixing 
dyes or other materials with the varium sulfate coating. 
A few of the emulsion tints available are white, ivory, and 
cream. 

The surfaces of different types of papers are formed by 
passing the roll of paper between massive calender rollers 
after the baryta coating has been applied. The coating 
can be embossed to give various surface textures from 
semimatte to a rough burlap finish. Glossy surface papers 
pass between polished rollers under extreme pressure, while 
rough textured papers are pressed very lightly, if at all. 
Special surfaces are also produced by passing the paper base 
under high pressure embossing rollers. 


Types of Paper Bases 


Most manufacturers produce several different types of 
paper bases. The thicknesses of the most common photo 
papers are divided into two general types and classified 
according to weight. Also there are some special purpose 
papers which do not necessarily fall within either of these 
base weight classifications. 

DOUBLE WEIGHT PAPER.—This heavy paper (Abbr.—DW) 
is thicker than the average heavy postcard. It is the heavi- 
est stock normally used for photographic paper. However, 
there are papers supplied on a cardboard weight base for 
making postcard prints. 

Double weight papers are generally used for large prints, 
and for small prints on very rough surface papers, which 
are not easily produced on lighter weight stock. These 
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papers are preferable for the larger prints because they 
stand up better under rough treatment. Heavy stock is 
usually employed for all prints that are exposed to much 
handling. Heavy papers are also recommended for portrait 
and exhibition photographs. Double weight papers have 
several different surface textures, which will be described 
later in this chapter. 

SINGLE WEIGHT PAPERS.—Single weight is relatively thin 
paper (Abbr.—SW). It is about half as thick as double 
weight stock, and it is used for all ordinary photographic 
purposes. Single weight papers may be processed more 
rapidly and they are much less bulky than double weight. 
These papers are best suited for print sizes 8 x 10 inches 
and smaller, and for larger prints that have to be mounted. 
Most all of the common glossy surface prints are on single 
weight papers. 

Both contact and projection printing papers are supplied 
in single and double weight. They also have all the various 
surface tints ranging from pure white through buff, which 
is a light yellowish tint. 

WATER RESISTANT BASES.—These papers have a paraffin 
or acetate coating applied to the back of the base to prevent 
the absorption of processing solutions, which causes the 
expansion and contraction of the paper. The coating 
reduces shrinkage and the time required for washing, since 
solutions do not soak into the base. Special low shrinkage 
papers are available in single and double weight. 

Paper with water resistant bases serve two important 
purposes: First, they are used to produce photographs which 
require the positive print to have minimum shrinkage; and 
second, water-resistant bases are useful where quick pro- 
duction of a few prints is necessary. When the processing 
schedule for these papers is strictly observed, the base 
will not absorb solutions or water and therefore reduces the 
time required for processing, washing, and drying. 

Papers having this special base impregnation are also 
erroneously known as waterproof papers. But excessive 
soakings or washing allows liquids to seep between the paper 
base and the emulsion, causing separation of the emulsion 
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from the base. This should be avoided at all times, espe- 
cially at temperatures above 68° to 70° F. 


DocuMENT PAPER BASES.—These papers are furnished 
in a thin or LIGHTWEIGHT stock and are intended for pur- 
poses which frequently involve folding. Part of the thick- 
ness and brittleness of photographic papers is due to the 
baryta coating applied to increase the reflecting power 
of the paper base. This coating is not applied to the spe- 
cially prepared thin base papers. By omitting this coating 
a much thinner paper is produced which also permits folding 
without cracking the emulsion. Photocopying papers are 
made on similar thin base stock without the baryta coating 
for the same reason. 


EMULSIONS 


There are many types of positive emulsions. Each of the 
types is intended for a different purpose. However, they 
may be divided into two general groups as done earlier 
with bases: those viewed by transmitted light and those 
viewed by reflected light. The principal transparent posi- 
tives are motion picture positives and lantern slide plates 
or films. Positive motion picture film has a bromide 
‘emulsion. The sensitivity and contrast of this film depends 
“largely on development. Lantern slides are usually chloro- 
bromide emulsions coated on glass plates. Their sensitivity 
to light is similar to positive emulsions on papers and they 
are available in different degrees of contrast. All positive 
emulsions have the following common characteristics: They 
are usually much thinner, have inherent finer grain, and are 
much less sensitive to light than most negative emulsions. 


This discussion is primarily concerned with the emulsions 
coated on paper for making positive prints. There are 
several methods by which visible images can be produced in 
the light-sensitive emulsions on these papers, but modern 
positive prints are made on papers which yield only a latent 
or invisible image after exposure. They have to be de- 
veloped to make the image visible. For this reason they are 
termed DEVELOPING-oUT PAPERS (D. O. P.) to distinguish 
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them from the earlier papers which actually built up an image 
of good quality during a long printing exposure. The papers 
that produce a visible image by exposure to light are termed 
PRINT-OUT PAPERS (P.O. P.). The image is printed out to 
the proper value and made permanent by toning the print in 
suitable solutions. But the modern developing-out papers 
are processed in a way very similar to negatives. That is, 
they are developed, fixed, washed, and dried to make the 
image visible and permanent. | 

Print-out papers are generally used now only for making 
portrait proof prints, which are delivered to the sitter without 
toning. Thus they darken to an even dark red color in time, 
regardless of how carefully they may be stored, and the image 
is lost. 

Hundreds of prints per hour can be made with developing- 
out papers when using modern laboratory printing and 
developing equipment. These papers have helped to bring 
photography to its present wide range application of today. 
They are used exclusively by service photographic units and 
developing-out papers are the subject of this discussion except 
where other materials are specifically mentioned. 

Developing-out papers consist of light sensitive silver com- 
pounds in gelatin coated on paper. But in many respects 
their resemblance ends there because of the many differences 
in photographic and physical properties. Hence the ability 
to intelligently select and use these papers to the best ad- 
vantage cannot be easily developed without a knowledge 
of the reasons for these differences. 


Positive Emulsions on Paper 


The light-sensitive coating on these papers may be an 
emulsion of silver chloride, silver chlorobromide, or silver 
bromide, with their sensitivity to light increasing in that 
order. The chemical composition of these silver compounds, 
the method of their formation, and the addition of special 
agents determine such properties as sensitivity and contrast. 
Different combinations of the silver compounds differ greatly 
in their response to the action of light, and the papers are 
classified accordinglv. 
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SILVER CHLORIDE EMULSIONS.—Light-sensitive materials, 

how the various halogen salts of silver respond to light, and 
how emulsions are prepared were all discussed in chapter 5. 
Therefore, it will suffice to say here that the emulsions for 
prints are formed in a similar manner, and that silver 
chloride is inherently less sensitive to light than is silver 
bromide. Silver chloride predominates in all the slower 
papers. The relatively slow emulsions are used for contact 
printing processes. 
_ SILVER CHLOROBROMIDE EMULSIONS.—These emulsions are 
made from various proportions of silver chloride and silver 
bromide. They may vary in sensitivity from as slow as 
chloride emulsions to as fast as bromide emulsions. Papers 
with this type of emulsion cover a considerable range of 
speeds, which is dependent on the composition of the emul- 
sion. The slower emulsions have speeds similar to chloride 
papers and are suitable only for contact printing. Others, 
with higher bromide content, may be used for either contact 
or projection printing, while the fastest of these emulsions is 
suitable chiefly for projection printing. 

SILVER BROMIDE EMULSIONS.—Silver bromide produces a 
very fast emulsion, which is approximately 100 times as 
sensitive as a pure chloride emulsion. Silver bromide is 
seldom used alone in modern printing papers. These emul- 
sions and other comparatively fast papers are generally 
applicable only to projection printing processes. 

SILVER IODIDE.—The halogen salts of silver iodide is the 
least sensitive of all the silver halides. But it may be added 
to the above emulsions, in small amounts, to make these 
emulsions more sensitive. The addition of silver iodide 
enables the manufacturer to ripen or age the emulsion longer 
and it becomes more sensitive. 


Sensitivity 
The emulsions used on printing papers are very much 
slower or less sensitive to light than those used for film. High 
sensitivity is not needed; in fact, it is undesirable. Often it 
is necessarv to control or manually manipulate the light 
during exposure, which requires a few seconds. In manual 
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operations there is bound to be some degree of variation in 
exposure. This is not good when trying to make several 
matched prints from the same negative, but the low speed of 
papers tolerates small variations by lessening the effects. 
A much faster paper would necessitate a shorter exposure 
and any variations would be serious. 

To state an absolute speed for paper emulsions is im- 
practical. Even general figures are of little value and should 
be regarded as no more than approximate guides, because the 
speeds of paper emulsions vary from batch to batch and vary 
with climate, age, and storage conditions. However, tables 
which show relative or comparative exposures that are likely 
to be required by different papers under the same conditions 
will give a rough idea of their various speeds. For example, 
if the exposure necessary to produce a given density on a fast 
bromide paper was 1, the exposures required for other bro- 
mides would range from 1 to about 50. (See table 8-1.) 


Table 8-1.—An example of comparative exposures. 


Emulsion type | Units of exposure 
Past Bromid@s.22) i ece on be Ghd Oot ion 1 to 50. 
Chlorobromide-_____.._.__-__---------------- 25 to 200. 
Chloride@s.26243es¢00056 5554 cet ee eee 100 to 1,000. 


You will observe that there is considerable overlapping in 
the speeds for different kinds of paper, both in table 8-1 and 
in other comparative exposure tables, especially with the 
chlorobromide emulsions for projection printing. Com- 
parative exposures for all the papers produced by most 
manufacturers are given in the photographic papers section 
of the Photo-Lab-Index. Nevertheless, the speed of paper 
emulsions is complicated by a great many factors, and 
exposure values for individual situations should be found by 
trial. 

The color sensitivity of papers for general use is an 1m- 
portant factor which should be considered in connection with 
speed. Chloride and the very slow chlorobromide emulsions 
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are sensitive to the near ultraviolet, violet, and the blue 
portions of the visible spectrum. However, the sensitivity 
decreases sharply near the center of the blue light wave- 
lengths (at approximately 45 mu). (See fig. 8-1.) Hence, 
there is very little developable light action on these emul- 
sions beyond the midpoint in the blue light wavelengths. 
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Figure 8—1.—Emulsion sensitivity and safelight filter transmission. 
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Thus, chloride and slow chlorobromide papers may be 
handled safely under a yellow safelight filter such as the 
Wratten series #00. 


The faster chlorobromide emulsions have additional blue 
sensitivity, which extends up to approximately 500 mu. 
(See fig. 8-1.) The bromide emulsions are sensitive still 
further into the blue and blue-green, or up to about 520 mu 
as illustrated in figure 8-1. These emulsions require safe- 
lights which transmit no light at wavelengths shorter than 
550 mu. The Wratten series #0A is generally recommended 
for use with these papers because of its high safety factor 
and the good working light it affords. 


The sensitivity of some special purpose papers has been 
extended into the longer wavelengths, yet in all cases the 
maximum sensitivity is in the violet and near ultraviolet 
colors. 


Inherent Contrast 


Since a print is viewed by reflected light, it is necessary for 
the emulsion to be thin so that only a minimum amount of 
the incident light upon it will be absorbed. Hence, there is 
much less concentration of silver compounds in printing 
emulsions than in negative emulsions. As a result, the 
emulsion on prints should be normally exposed and fully 
developed in order to obtain prints of good quality. It can 
be easily seen that very little contrast variation is possible 
with an emulsion that requires full development. There- 
fore, it is necessary to have printing papers with a variety of 
inherent contrasts in order to properly print negatives which 
have varying contrasts. 


It is not always possible to produce every negative exactly 
normal in tone range and contrast. Consequently, the 
variations in printing materials are made to compensate for 
those negatives that are not normal. These materials are 
made with several different types of emulsions and each 
type is adaptable to a negative of a certain contrast. The 
main difference in all of these emulsions is in their ability to 
record approximately the full range of tones in the negative, 
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and yet maintain a pleasing amount of difference or contrast 
in the tones. 

Manufacturers produce papers for commercial contact and 
projection printing, and most of the papers are usually 
supplied in several grades, or degrees of contrast. A general 
description of the contrasts available will be applicable to 
all. However, the services are supplied with papers from 
several manufacturers and any general description of their 
contrast characteristics should be considered as illustrative 
only when studying any one particular type of paper. 
Hence, the differences that may be noticed in handling all of 
the various papers will be the methods of exposing them, 
minor differences in the solutions used, and the times required 
for full development. 

Printing papers are made in several grades or degrees of 
inherent contrast. There are normal-contrast papers for 
printing normal negatives, low-contrast papers to compen- 
sate for the excessively contrasty negatives, and high- 
contrast papers for printing flat negatives. The exact 
designations vary from one manufacturer to another, but the 
principle is relatively uniform. Enlarging or projection 
papers are usually graded in much the same way as contact 
papers, although the latter has the largest number of contrast 
grades for any particular type of paper. 

Contact papers are usually made in six grades, or degrees, 
of contrast, each of which is best suited for printing a definite 
type of negative. The grades are assigned designating num- 
bers to assist in identifying them. The numbers used are 
listed in table 8-2 with a description of the negatives that are 
most suitable for printing with that degree of contrast. 

Projection papers are also supplied in several contrast 
grades, but not in as many grades as the contact papers. 
Working procedure allows each of the projection paper grades 
to cover a wider difference in negative contrasts than is 
possible with the contact papers. Most projection papers 
usually have four grades, while some have only three grades 
or less. The contrast grades are designated by numbers and 
each manufacturer uses a similar series of numbers as far as 
contrast grades are supplied. (See table 8-3.) 
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Table 8—-2.—Contact paper contrast grades. 


Emulsion contrast Negative contrast 
grade number 


NO Oicssdetals: Excessive contrast. 

NOp st 2e5ecc62 More than normal, but not excessive contrast. 

IN O12 en Boise Normal contrast. 

NO. $e Sst eee Less than normal contrast. 

IN OtAs crete eek Less than normal contrast, but not excessive 
flatness. 

INO3-0x oe sct eee Flat—very little contrast. 


Table 8—3.—Projection paper contrast grades. 


Emulsion contrast Negative contrast 


grade number 
NO: Do cet ete More than normal contrast. 
ING 22 ete eae Normal or average contrast. 
NOC Saco Zeeks Less than normal contrast. 
NOi4 2 eek Very little contrast. 


If the paper is properly selected from these various grades, 
normal prints may be made from a wide range of negative 
contrasts. Practical experience is the only teacher in judg- 
ing and matching negatives with the proper paper contrast. 
The beginner should make test prints, experiment, and 
practice to develop the skill necessary for quickly selecting 
the paper grade with which the best possible print can be 
made. Figure 8-2 illustrates how different negative con- 
trasts print on soft, medium, and hard grades of paper. 

The degree of contrast control that can be exercised during 
the positive process—exposure and development—is very 
small. Consequently, it is most important to use the cor- 
rect grade of paper as the contrast control. The wide range 
of contrasts available in development papers is difficult to 
appreciate without studying actual comparison prints. 
Hence, a series of prints from the same negative, each one on 
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Figure 8-2.—Matching negative contrast with paper grade. 
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a different grade of paper, will show the effects of increasing 
contrast with paper grade as the paper is changed from the 
softest towards the hardest grades. Furthermore, this com- 
parison will also illustrate how a negative of practically any 
degree of contrast, if it is not unreasonably flat or contrasty, 
can be printed to a pleasing contrast when a suitable grade 
of paper is chosen. 

The contrast range of development papers may also be 
expressed as the ratio between the exposure required to 
produce a gray so dark as to be barely distinguishable from 
black, and the exposure necessary to give the lightest gray 
that can be distinguished from white. That is, the contrast 
of paper depends upon the ratio between the intensity of 
the light that will barely tint the emulsion, and the light 
intensity that will produce the closest approximation to black 
that the emulsion can render. This ratio is termed the 
EXPOSURE SCALE Of paper. It should not be confused with 
printing speed, because the scale is designed to aid the 
intelligent selection of the paper contrast that will most 
nearly match the density ranges of negatives. The exposure 
scales for all the major brands of papers are listed in the 
photographic papers section of the Photo-Lab-Indez. 


Surfaces 


The final effect of a print depends upon the image tone, 
and the tint, texture, and sheen of the paper surface. For this 
reason papers are made with a wide variety of surfaces, thus 
permitting the selection of a surface that will contribute the 
most to the purpose for which the print is intended. 

IMAGE TONE.— When the developed silver in the emulsion 
of the finished print is brownish, the image is described as 
having WARM TONES; but if the silver developes to a bluish- 
black or a neutral cold-black, the image tones are referred 
to as being coLtp. The differences in these tones are con- 
trolled by the composition of the emulsion and the conditions 
of development. The warmer tones are an inherent char- 
acteristic of the slower fine-grain chlorobromide, emulsions 
when they are processed in a slow-working or restrained 
developer. On the other hand, both the chloride and 
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bromide emulsions generally produce images of cold-black 
tones with normal development, and some of them will 
render very definite blue-black image tones with the most 
active developers. | 

CoLor oR TINT.—These terms refer to the color of the 
paper stock. The various colors of paper bases are usually 
added to the baryta coating which is applied to most papers 
before the emulsion coating process. Many papers are sup- 
plied on tinted bases which markedly affect the apparent 
image tone or the color of the silver grains. In addition to 
the common white papers, there are bases tinted slightly 
cream, ivory or buff, and a few have been tinted with a 
comparatively strong color. However, the choice of image 
tone. and the color of the paper stock are all largely a matter 
of personal preference, except when they are definitely in- 
dicated by the intended use of the print. 

SURFACE TEXTURE.— Different surface textures are formed 
on the paper bases by passing them between large rollers 
after the baryta coating has been applied. Papers having 
smooth surfaces are passed between smooth surfaced rollers 
under extreme pressure, while the rougher surfaces are pressed 
very lightly. Special surfaces such as silk, linen, and burlap 
are made by passing the paper stock between high-pressure 
embossing rollers which have that particular pattern on 
their surfaces. 

The smooth paper bases have no pattern. The rougher 
bases have a noticeable texture which may vary from a 
slightly pebbled effect to a fabric-like texture that may re- 
semble linen or a very rough tweed. Smooth papers are 
recommended for small prints which require good definition 
and the rendition of fine detail. The rougher surfaces 
subdue fine detail in proportion to the degree of roughness, 
but they are useful for prints that do not depend upon de- 
tail for interest. 

SURFACE SHEEN.—The sheen of paper surfaces is dependent 
upon the percentages of specular and diffused reflection. 
The various surface sheens run through such descriptive 
terms as glossy, luster, semimatte, and matte. Practically 
all of the light is reflected from the specular glossy surfaces. 
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But the reflected light from matte surfaces is almost com- 
pletely diffused. Personal preference may again be con- 
sidered the controlling factor in the choice of both surface 
sheen and textures, but small prints and prints made for 
reproduction purposes will generally require smooth glossy 
surfaces. On the other hand, the softer less glaring surfaces 
are preferred by most photographers for pictorial views, 
because such surfaces as luster and semimatte are easier to 
work on with pencils or oil colors. The requirements of 
naval photography, however, place the emphasis on maxi- 
mum detail and brilliance, and these factors are best achieved 
with smooth white and smooth glossy white papers. Recom- 
mendations for the uses of all other textures, sheens, and 
tints are listed in the photo papers section of the Photo- 
Lab-Indexz. 


SELECTING PRINTING PAPERS 


Although the photographic and physical characteristics 
of printing papers have been discussed separately, it should 
be understood that some of them are very closely related. 
Hence, the remaining portions of this chapter will help to 
point out this relationship or the more closely associated 
characteristics. 


Base Weights and Surfaces 


Generally the base weight of the paper that should be 
used will be determined by the intended use of the photo- 
graph. For example, single weight paper is ordinarily em- 
ployed for all small prints and for prints to be attached 
(mounted) to solid mounts, and double weight bases are 
used for prints which will not be attached to firm or rigid 
mounts; but lightweight papers are preferred where weight 
and a high degree of flexibility are important. However, 
service units seldom stock all weights and surfaces of both 
contact and projection printing papers. In many Cases 
when a glossy surface is required, a single weight base will 
have to be used, or if a matte surface is preferred a double 
weight base will necessarily be employed. 

Glossy surfaces are necessary for prints that will be re- 
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photographed (copreD) and for all other purposes where 
fine detail and a brilliant image is required. Semimatte 
papers are used where a glossy surface is not desirable and 
a surface with a noticeable texture would obscure fine 
detail. Matte and rough papers subdue image brilliance. 
These papers are used chiefly for large prints or where the 
general effect desired is breadth, with broad masses rather 
than detail. 

The selection of a tinted base depends upon the subject, 
- image color, and the desired effect. Subjects having cold 
colors and prints to be copied usually require a white paper 
stock. Portraits, landscapes, and the sunshine effects are 
usually much richer with the added warmth of a cream white 
or natural base. Buff colored papers are preferred by 
many for portraits of elderly people, and for other subjects, 
such as sunsets or artificially lighted scenes, for which a warm 
colored image is suitable. 


Paper Surface and Contrast 


Paper emulsions are coated on bases which are generally 
considered to be opaque. Thus, the print is viewed by re- 
flected light which passes through the emulsion twice: 
the light must pass through the emulsion, strike the paper 
base and then be reflected back through the emulsion be- 
fore reaching the eyes. Consequently, the maximum density 
as well as the paper’s density range depends upon the emul- 
sion contrast and the surface of the paper. That is, the con- 
trast of a print cannot be built up by adding density beyond 
the amount necessary to make the emulsion surface black. 
Any added silver deposit, up to the point where the material 
is black from the emulsion surface to the base, has a greater 
light-stopping power for transmitted light. But an object 
will reflect no less light from its surface if the blackness 
extends into its depths than when only the surface is black. 
Therefore, the amount of incident light reflected by different 
parts of a print depends upon the surface of the emulsion. 

A tinted or colored paper will reflect less light than a 
pure white or a natural paper stock. Furthermore, glossy 
surfaces reflect nearly all of the incident light while matte 
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and rougher surfaces reflect a much smaller percentage due 
to diffusion and dispersion of the light at the surface. A 
glossy surface acts much in the same manner as & mirror and 
reflects a great percentage of the incident light at the same 
angle at which it strikes the surface. On the other hand, a 
matte surface tends to diffuse and scatter the incident light 
in many directions. Although the print tone in a particular 
area may be as black on a matte print as on a glossy print, 
it appears much lighter as though the black was a shade of 
gray on the matte print. This is why a print on matte 
surfaced paper is usually considered softer or less contrasty 
than a print on a glossy surfaced paper of the same contrast 
grade. 

A black on a glossy surface will reflect less light, and it is 
blacker in effect than a black on a matte surface which 
reflects more light. On the lighter end of the density scale, 
a glossy surface reflects more light than a matte surface. 
The ratio between the light reflected by the lightest and 
darkest parts of a glossy surfaced print is approximately 20 
to 1; for a matte surfaced print it is about 10 to 1; with 
semimatte and other similar surfaces ranging between the 
two. Asa result, the loss of tones in a print may be due as 
much to the surface of the print as to the contrast capacity _ 
of the paper. Specifically when a long tonal range is needed 
in & print, it is best to use papers that have a smooth or a 
smooth glossy surface. 

The ratio between the least opaque and most opaque parts 
of a negative are termed the NEGATIVE DENSITY SCALE. 
These different opacities have different light-stopping powers. 
The densities of a negative are produced by the subject’s 
brightness range to which the film was exposed and the 
conditions of development. In printing, the density scale 
of the negative controls the range of light intensities that it 
transmits, which in turn determines the range of exposures 
that the paper emulsion will receive. The exposure scale of 
papers—the range of tones that printing papers will record— 
is fixed within the paper emulsion during manufacture, and 
the negative density :ange dictates what paper contrast 
must be used to record the negative’s range of tones. 
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If two prints are made, the first on contrast grade number 
2 and the second on contrast grade number 3 of the same 
type of paper, the maximum available contrast is the same. 
However, if the same negative is used for both prints, the 
print on number 3 contrast grade will appear more contrasty. 
The print on the number 3 contrast grade will actually be 
excessively contrasty, if the negative density scale was best 
suited to the number 2 contrast grade. Thus, the density of 
the number 3 contrast grade increases with exposure more 
rapidly and reaches its maximum density more quickly than 
the number 2 contrast grade. In other words, the number 
3 contrast grade requires a shorter total exposure interval, 
and therefore its exposure scale is shorter. Actually, in this 
case, the exposure scale of number 3 contrast grade is too 
short to accommodate the density scale of the negative. 

The sheen or gloss of the paper surface, as mentioned 
before, also has a considerable effect on a print’s maximum 
density. For example, if two normal prints are made from 
the same negative, the first on number 2 contrast grade of 
glossy paper and the second on number 2 contrast grade of 
matte paper, the glossy print will have the highest maximum 
density and its shadow areas will be darker than the same 
shadow areas on the matte print. The contrast grade of 
both papers in this case are suited to the negative, but the 
glossy print will be more contrasty. Therefore, it is possible 
for two prints which are made on different types of the same 
paper contrast grade to have a different apparent contrast. 


Printing Contrast Control 


The degree. to which contrast can be controlled by varia- 
tions of exposure and development of photographic papers 
is extremely limited in comparison with negative materials. 
In fact the only way of any significance for controlling con- 
trast in printing is by selecting the proper grade of paper. 
A very slight control can be obtained by altering the develop- 
ing time. However, extending the developing time of papers 
over the normally prescribed time will not appreciably in- 
crease printing contrast. If carried to excess, the contrast 
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is actually lessened by fogging the entire emulsion, which 
causes the highlights to become gray instead of white. 

Any increase in the printing exposure, with development 
remaining constant, will result in an increase in the density 
of the print. An increase in the exposure time over that 
which is required to print a solid black in the darkest area 
will cause some of the tones near the shadows to also print 
as black with no detail. The latitude of exposure to obtain 
a normal print from all the various densities of a negative 
is very small when compared with a long scale negative 
emulsion. 

Increasing the developing time of a print past the normal 
time will result in an increase in density, but will not ap- 
preciably increase the print’s contrast. Ifa print is properly 
exposed, at the end of the normal developing time the blacks 
have already reached their maximum density. By prolong- 
ing development, the density in the remaining tones of the 
print are increased which causes a reduction of the overall 
effective print contrast. | 

A slight amount of contrast control may be obtained with 
paper emulsions by varying the composition of the developer. 
However, the degree of control is very small and can be 
achieved only at a sacrifice of some of the most delicate or 
softer tones in the final print. The degree of contrast con- 
trol with development is seldom greater that the difference 
which could be obtained by using the next harder or softer 
paper contrast grade. Contrast is actually reduced in most 
cases by prolonging development beyond the time recom- 
mended by the manufacturer for a particular paper. Fur- 
thermore, developing less than the minimum time recom- 
mended by the paper manufacturer will not permit the paper 
to develop the maximum density that it is capable of ren- 
dering. Throughout the useful range of developing times 
for each type of paper, the principal effect of prolonged de- 
velopment is to give the appearance of increased exposure in 
the overall print density rather than increased contrast. 
Consequently, the most reasonable conclusion is that con- 
trast in printing papers cannot be controlled to any great 
extent by varying the exposure and developing times. Then, 
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the contrast of photographic papers is, for most practical 
purposes, inherent in the emulsion and the paper surface. 


Variable Contrast Papers 


Variable contrast papers are not new, some were introduced 
as early as 1940; but Navy photographic laboratories have 
been using them in large quantities only in the last few years. 
These papers have unique emulsions whose contrast is de- 
pendent upon the color of the light source used to expose it; 
that is, the image characteristics may be varied over a wide 
range by changing the color of the exposing light. When 
these papers are exposed with blue light, they will render 
very hard or contrasty images; and when exposed to light 
which is essentially green, they will produce very soft images. 
Hence, it is possible by using filters to duplicate, on only one 
grade of paper, all the various contrast ranges previously 
obtained with different contrast grades of other printing 
papers. 

MULTIGRADE.—This variable contrast: paper is coated with 
two emulsions. One emulsion coating is sensitive only to 
blue and violet light and produces images having very soft 
contrast. The other emulsion coat, which is sensitive to 
green and blue-violet light, renders high contrast. 

VaRIGRAM.—Du Pont varigram paper has a single emul- 
sion coating to which a green sensitizer has been added. A 
well-grounded probability is that the larger silver halide 
grains in the emulsion absorb greater amounts of the sensi- 
tizer than the small grains. Hence, the larger grains become 
more sensitive to green than the smaller grains. Then the 
emulsion contrast of the same paper can be changed from 
hard to soft by controlling the size of the silver grains affected 
during exposure. As aresult, if a yellow filter is used between 
the exposing light and the paper to restrict the exposure to 
the larger grains, the emulsion will produce a soft image; but 
if a blue filter is used in the same way, the exposure will 
affect only the small grains, and the emulsion will render a 
more contrastv image. 

The two colors (blue and green) can be mixed in a variety 
of ways; but the most convenient technique is to use the 
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special Du PoNT VARIGRAM FILTERS, which will be discussed 
later in this section. The transmission characteristics of 
pure green filters proved too low for practical exposure times 
with this paper. Therefore, a yellow filter is used which 
transmits green and red light. Since the emulsion is not 
sensitive to red, the yellow filter has the same effect as a 
green filter. Yet, the yellow filter transmits a more effective 
green light. 


Ordinary enlarging paper is sensitive to blue and violet 
light. Varigram is an enlarging paper which is sensitive to 
violet, blue, and green light. It is made in the usual range 
of standard sizes and in a large choice of surfaces. Varigram 
is available in 9 surfaces; while HIGH-SPEED VARIGRAM has 7 
different surfaces. Varigram has only one contrast grade. 
If a tungsten printing light source (containing a mixture of 
blue and green) is used without filters, the emulsion will 
render an image which will have approximately the same 
contrast as a print on regular No. 2 enlarging paper. A 
pure blue light source will produce a contrasty image about 
equal to regular No. 4 projection paper. A print exposed 
by a pure green light source will render a very soft image 
which will compare favorably with a print on regular No. 1 
projection paper. 

The varigram filters used to control the color of the print- 
ing light are 2-inch squares of lacquered gelatin in a rigid 
cardboard mount. A metal filter mount, included as a part 
of every filter set, holds the filter in place under the enlarger 
lens. A complete set of these filters will produce 10 different. 
degrees of contrast on varigram paper. The Basic sET 5-A 
contains five filters (Nos. 1F, 3F, 5F, 7F, and 10); while the 
SUPPLEMENTARY SET 5-B contains the other 5 filters neces- 
sary for a complete set (Nos. 2F, 4F, 6F, 8F, and 9). Never- 
theless, a complete set (for 10 degrees of contrast) may also 
be obtained by ordering sect 10-—C, which contains set 5-A 
plus the supplementary set 5-B. The filter numbers are 
listed in table 8-4 with a description of the negatives that 
are most suitable for printing with the contrast rendered by 
each filter. 
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Table 8-4.—Varigram filter contrast guide. 


Filter set 10—-C Comparable 
Negative printing characteristics 


Excessive contrast. 
Contrasty. 

Normal. 

Soft. 

Flat—-very little contrast. 





Except for placing the proper filter in front of the lens, 
varigram is used exactly the same as printing with any other 
enlarging paper. The negative should be focused properly 
without the filter over the lens; then, place the correct filter 
in the filter holder and expose as usual. No other special 
handling or processing is necessary. However, a standard 
tungsten light source, such as the General Electric photo en- 
larging lamps Nos. 211, 212, or 302, must be used for the 
filters to equally space the 10 contrast grades. 

The printing speed is the same through all filters except 
Nos. 9 and 10, which require some increase in exposure. 
With no filter, this paper yields the same contrast as Velour 
Black No. 2, and has the same speed. With filters, the ex- 
posure is about twice as long as with Velour Black No. 2. 
If the exposures on varigram are excessively long, HIGH- 
SPEED VARIGRAM Should be used. With no filter, it has about 
three times the printing speed of Velour Black. With filters, 
it is about 1% times as fast as Velour Black. 

Since varigram is sensitive to green light, the ordinary 
safelights, such as the #0A in figure 8-1, cannot be used. 
The Du Pont saFreLicHt S—55X has been especially de- 
signed for use with varigram. If this orange-brown safe- 
light is not available, a red safelight can be used. However, 
it is dificult to judge print quality in red or orange-red light 
because of the increase in apparent contrast. Furthermore, 
a red light is very uncomfortable to the eyes. As a result, 
the orange-brown (S-55X) is highly recommended. The 
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S—55X may also be used with high speed varigram; but the 
light should be tested (with the test described in chapter 9) 
at the normal working distance. 

Varigram has a number of advantages. Only one con- 
trast grade has to be stocked for each size, weight, and sur- 
face; whereas, with regular enlarging papers, up to 4 differ- 
ent grades are usually stocked. With varigram, 10 different 
contrasts are available. With other papers, only 4 contrasts 
are made and intermediate contrasts require changing the 
composition and concentration of the developing solution. 

With varigram, it is possible to have several different con- 
trasts in a single print. For example, if the negative includes 
a foreground in deep shade, and a background in bright sun- 
light, the ‘foreground would most likely print best on No. 3 
grade of ordinary paper, and the background on No. 1. 
The photographer would probably compromise and use No. 
2. But then the foreground would be too flat, and the back- 
ground too contrasty. With varigram, however, the VG-3F 
filter could be used for printing the background while dodg- 
ing the foreground; and the VG-7F filter could be used to 
print the foreground while dodging the background. Hence, 
both the foreground and the background would have the best 
possible contrast. 


STORAGE OF LIGHT SENSITIVE PRINTING PAPERS 


Improper storage of light sensitive films and papers results 
in a loss of sensitivity, increased fog, inferior tone reproduc- 
tion, and a number of physical defects which, in some cases, 
may render the material useless. Papers and films must be 
protected against heat and moisture, which accelerate de- 
terioration, and careless handling, which damages the pack- 
ages and ruins their contents. The precautions related to 
packing, storing, and handling of both photographic papers 
and films are very adequately discussed in Photography 
Technical Bulletin, NavAer 10-1RA-514. This technical 
directive may also be found in section 1 of the Cumulative 
Edition of Photography Technical Bulletins, NavAer 10-1R- 
500A, which is held by all service photographic laboratories. 
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QUIZ 


. Positives on transparent material are viewed by 


a. reflected light 
b. transmitted light 
c. diffused light 
d. specular light 


. When maximum detail is desired in a print, the paper should have 
a surface that is 

a. rough 

b. semimatte 

c. glossy 

d. matte 


. Contact printing papers are supplied in which of the following 
weights? 

a. Single weight 

b. Semimatte weight 

ce. Double weight 

d. Single and double weight 
. Which of the following photographic papers is manufactured with- 
out the use of barim sulfate (baryta)? 

a. Double weight matte 

b. Single weight glossy 

c. Document matte 

d. Aerial map 


. The speed of positive printing materials is increased by the addition 


- of silver 


a. bromide 

b. iodide 

ce. chloride 

d. chlorobromide 


. Chlorobromide printing paper is 


a. more sensitive to red light than blue 
b. more sensitive to blue light than red 
c. sensitive to red light only 

d. equally sensitive to all colors 
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10. 


11. 


12. 


. The safelight, generally preferred with most printing paper because 


of its low fogging tendency and the good working light it affords, 
is the 

a. series #1 (light red) 

b. series #00 (yellow) 

c. series #0 (orange red) 

d. series #0A (greenish yellow) 


. A negative having normal tones in both highlights and shadows 


should be printed on 


a. any of the below providing it is removed from the developer 
when the print looks right 

b. contrast No. 3 paper 

c. contrast No. 1 paper 

d. contrast No. 2 paper 


. Numbers given to photographic papers primarily indicate differ- 


ences in their 


a. texture 
b. weight 
c. contrast 
d. speed 


A scientifically correct print is one in which the reflection densities 
are 


a. equal to the brightness range of the original subject 

b. proportional to the brightness range of the original subject 
c. equal to the densities of the negative 

d. proportional to the densities of the negative 


The ratio between the intensity of the light that will barely tint 
the emulsion of a printing paper, and the light intensity that will 
produce the closest approximation to black that the emulsion can 
render is termed the ________of paper. 

a. exposure scale 

b. density range 

c. printing speed 

d. tonal range 


In making a contact print, the printing time varies in proportion 
as the 

developer dilution varies 

negative contrast varies 

negative density varies 

thickness of the paper varies 


ao Of 
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13. The image tone of a black and white photographic positive is con- 
trolled by the 


a. 
b. 
c. 
d. 


print exposure 

development of the emulsion 
characteristics of the material 
surface texture 


14. A print on matte surfaced paper is usually considered _________ 
than a print on a glossy surfaced paper of the same contrast grade. 


a. 
b. 
c. 
d. 


less contrasty 
more contrasty 
much darker 
more brilliant 


15. A print has been made on No. 2 paper and is found to be too con- 
trasty. This may be corrected by 


a. 
b. 


printing with No. 3 paper 
long exposure on No. 2 paper, increasing developing to take 
care of the longer exposure 
underexposing No. 2 paper and giving maximum development 


. printing with No. 1 paper 


CHAPTER 





CONTACT AND PROJECTION PRINTING 


Printing is the term applied to all photo processes by 
which positive images are made from negatives. The most 
familiar positive image is the print, which is on a paper 
base. It is made by causing light to pass through a negative 
onto a sensitized emulsion by one of two methods—con- 
TACT OF PROJECTION. Any number of prints can be made 
from one negative when using either of these methods. 
Contact printing produces prints exactly the size of the nega- 
tive used. Projection prints may be made very much larger, 
or smaller, than the negatives from which they are made. 

The quality of the image on prints can be varied by the 
choice of printing materials, exposure, and processing. The 
results can actually correct many of the ‘‘deficiencies”’ 
which may exist in the negative. Because of this, it is 
important for the photographer to have a working knowledge 
of all the materials, equipment, and procedures employed 
in order to produce the desired results. Although there are 
many similarities between the two printing methods, espe- 
cially in the papers, chemicals, and processing procedures 
involved, they are discussed separately in this chapter for 
greater clarity. 


CONTACT PRINTING 


A contact print is made by exposing a sheet of photographic 
paper through a negative with the paper’s emulsion and the 
emulsion side of the negative in absolute and uniform 
contact. When white light is directed toward the negative, 
the negative image controls the amount of light transmitted 
to the paper’s light sensitive emulsion. The dense areas of 
the negative reduce the amount of light transmitted, and 
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the clear or less dense areas permit the light to pass freely. 
The image formed on the paper’s emulsion is therefore a 
negative of a negative, which in reality, makes it a positive 
that represents the true black-and-white relationships of the 
subject photographed. Furthermore, since the paper is in 
direct contact with the negative, this method of printing 
produces a print which has exactly the same image size 
as that in the negative. When producing a positive from a 
negative in this way, only a 1 : 1 ratio is obtainable; but con- 
tact printing is generally a more rapid means of making 
prints than projection printing. 


Contact Printers 


The basic requirement for contact printing is a means by 
which the negative and the light-sensitive paper can be held 
tightly together while exposing the paper to the printing 
light. This can be accomplished with many different types 
of printers, which may differ in details, but all are built 
around the same basic idea. Consequently, the equipment 
used to produce prints by contact may be divided into three 
general groups or classifications: printing frames, mechanical 
printers, and semiautomatic mechanical printers. Further- 
more, a description of each class or group of contact printing 
equipment will be sufficient and basically applicable to all 
models or types within each classification. 

THE PRINTING FRAME.—A printing frame is a simple 
device involving a wooden or plastic frame, a sheet of clear 
plate glass for the front, and a hinged and padded spring 
tension backplate, as shown in figure 9-1 (A). The negative 
and the paper are sandwiched, emulsion to emulsion, be- 
tween the glass and the backplate, which holds them in 
uniform contact by exerting pressure against them and the 
glass front. (See fig. 9-1 (B).) The negative is placed, 
emulsion side up, on the glass inside the frame. The paper 
is placed, emulsion side down, over the negative. Then the 
backplate is placed upon the paper and its springs are secured 
to the frame. The glass side of the frame is then evenly 
exposed to sunlight or an incandescent light source to print 
the positive image, as illustrated in figure 9-1 (C). 
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Figure 9-1.—The printing frame. 


MECHANICAL PRINTERS.—The printing frame is slow and 
inefficient compared to the simplest printing box or contact 
printing machine, which is used in all modern laboratories to 
simplify and speed up print production. There are many 
different makes and models of these machines. Most all 
of them differ in details of construction and operation, but 
all conform with the basic principles. The only difference 
between the various makes and models of such printers is 
in the application of the basic features. 

The mechanical printer is essentially a metal box-like 
enclosure with a sheet of plate glass across its top. The 
box is a lamp house containing from 1 to 60 incandescent or 
ARGON lamps that are used for exposing the paper. The lamp 
house may have one or more low-power ruby bulbs which 
remain lighted throughout printing operations to aid in 
positioning the negative and paper. In addition to the ex- 
posing lights and safelights (the ruby colored bulbs) most 
printers are equipped with viewing (white) lights, sometimes 
called inspection lights, that are useful in judging the density 
and contrast of negatives. The better printers are coated 
white on the inside, and a ground giass is placed between 
the printing lights and the plate glass cover to produce 
maximum evenly diffused printing illumination. A hinged 
cover is provided with sponge rubber, felt, or pneumatic 
pressure PLATENS, which clamp down over the plate glass, 
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Figure 9-2.—A table model contact printer. 


or printing glass, to insure adequate contact during printing 
exposures. (See fig. 9-2.) 

In some models the control switch for the printing lamps 
is controlled by the hinged cover or platen, while in others 
the printing light is manually controlled. When using a 
manual switch, the cover or platen is moved forward and 
down to insure tight uniform contact, and then the printing 
lights are turned on for the correct exposure time and off 
again using a switch. The platen controlled printing lights 
may be automatically turned on, when adequate pressure 
is applied to the platen by pressing it into the printing posi- 
tion, and automatically switched off by lifting the platen. 

Another useful feature on some machines is an adjustable 
MASKING device. This device is attached to the printer so 
that it fits snugly over the printing glass. (See fig. 9-3.) 
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The mask consists of very thin broad metal sheaves which 
are used to ‘‘frame”’ the negative, making it possible for the 
prints to have clean white BoRDERs, or margins. To pro- 
duce prints with white borders, when using printers that are 
not equipped with a masking device, it is necessary to sub- 
stitute masks that have been hand cut from thin black paper. 
The fundamental steps necessary to make a print when 
using a contact printer are: The negative is placed, emulsion 
up, on the printing glass. The printing paper is placed, 
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Figure 9-3.—A semiautomatic printer. 
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emulsion side down, over the negative. The platen or pres- 
sure cover is brought forward and down into the printing 
position. The platen insures adequate contact and turns on 
the printing light. It is held down for the proper length of 
exposure time and released or lifted to turn off the printing 
lights. The print is then developed, fixed, and washed in a 
manner similar to that used for negatives. 

SEMIAUTOMATIC PRINTERS.—The contact platens on 
printers of this type come into the printing position auto- 
matically when a switch or solenoid is depressed. The 
lighting fixtures and their arrangement in these printers is 
similar to those described above; but the printing lights have 
individual switches to facilitate dodging. An electronic 
timer or rheostat control is also provided on most printers of 
this type to accurately control the time of exposure. The 
PC-9 floor model contact printer, built by Eastman Kodak 
Company, is a typical example of semiautomatic contact 
printers. (See fig. 9-3.) This printer is commercially 
known as the Kodak Master Power Printer. Service photo 
units are presently being provided printers of this type. 

The Master Power Printer is designed for quality and 
speed production printing. When using this printer, con- 
tact prints may be made from negative sizes up to and in- 
cluding 11 x 14 inches. It is housed in a sheet metal cabinet 
which provides an inclined control panel above the kneehole 
area. (See fig. 9-3.) The access door to the LIGHT Box, 
which contains the printing lights, safelights, and the diffus- 
ing and masking glasses, is directly above the control panel 
as illustrated in figure 9-4. The printing light source con- 
sists of 12 lamps which may be controlled individually with 
the switches to the left of the timer on the control panel. 
A sheet of clear plate glass is positioned directly below the 
printing glass to support dodging tissues for additional 
printing control. The printer top supports the printing 
glass, the negative MASKING ASSEMBLY, and the PLATEN 
ASSEMBLY. Timing of the exposure is controlled by the 
electric interval timer on the CONTROL PANEL. 

The mask assembly consists of four masks attached to a 
U-shaped yoke. (See fig. 9-5.) Each mask may be moved 
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Figure 9-4.—The lighting box and control panel. 


along the yoke to any desired position. A milled nut is 
provided in the end of each mask for locking it in position 
on the yoke. The left mask and the lower mask are marked 
in ¥%-inch increments which are further subdivided into 
¥- and \-inch divisions. The scale on the left vertical mask 
has a zero as a center mark with numbers ranging from 1 to 11 
on either side. The numbers on the lower horizontal mask 
extend to 14. 

The platen is constructed of flexible stainless steel with 
sponge rubber padding on both sides. The rubber padding 
is covered with black nylon curtain material which is kept 
taut by a roller rod housed in the top of the platen as shown 
in figure 9-5. The platen is rolled autcmatically into the 
printing position by a power driven carriage. 

The control panel contains the interval timer and all the 
manually operated switches except the foot switch and the 
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Figure 9-5.—The platen and mask assembly. 


pressure-sensitive switch operated by the platen. The func- 
tions of the timer and the manual switches on the panel in 
figure 9-6 are explained below. 

The MAIN POWER SWITCH, the toggle, controls the power 
supply to the complete machine. It should be pushed down 
to the OFF position when securing the printer and for 
most service work. 

In the ON, or UP, position, the PILOT AND DIAL LAMPS’ 
toggle supplies power to the red pilot light (the printer’s 
safelight) and the two dial lights. When printing on pan- 
chromatic emulsions, this switch must be turned OFF after 
the negative is positioned. 

Turning the MANUAL PRINTING LAMP SWITCH to the ON 
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Figure 9-6.—The control panel. 


position lights the 12 printing lamps, provided the Inpt- 
VIDUAL PRINTING LAMP SWITCHES are set in the ON position. 
When the MANUAL PRINTING LAMP switch is turned ON, the 
lamps are lighted immediately (without the printer going 
through its operating cycle) for positioning the negative or 
registering dodging tissue for additional printing control. 
The manual printing lamp switch should be turned OFF 
before placing the unexposed printing material on the nega- 
tive to be printed. 

The TIMER INTERRUPTION TOGGLE is a Momentary contact 
switch. If the operating cycle has been started and the 
carriage has brought the platen forward into the printing 
position, the printing time can be cut short by flipping the 
switch up momentarily. The printing lamps will be turned 
OFF and the printer will complete its printing cycle im- 
mediately. 
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In the ON (UP) position, the NO-RETURN TOGGLE SWITCH 
prevents the carriage from returning the platen to its starting 
position. The timer can be reset with the platen in the for- 
ward position, and the lamps turned on again for a pre- 
selected time interval by flipping the TIMER REPEAT TOGGLE 
up momentarily. 

Once the timer has started, it can be set back to its starting 
position by flipping the TIMER REPEAT TOGGLE SWITCH up 
momentarily. The printing lamps will remain lighted until 
the timer hand again reaches zero. — 

The exposure time desired (from 1 to 30 seconds) is set by 
turning the KNOB ON THE TIMER so that BOTH TIMER HANDS 
register the number of seconds required. When the platen 
reaches its forward or printing position, the printing lamps 
and timer are turned on simultaneously. The lights are 
turned off and the platen returns to its starting position when 
the timer hands reach zero on the timer dial. The timer is 
accurate when using 60-cycle power; on 50-cycle power the 
timer is approximately 16 percent slow. 

The 12 PRINTING LAMP SWITCHES control individually the 
12 printing lamps. The positions of the switches on the 
control panel are arranged to show the relative positions of 
the printing lamps in the light box. The top right switch 
controls the upper right lamp; the lower left switch controls 
the lower left lamp, etc. 


The Master Power Printer is designed to operate on 
115-volt, 60-cycle alternating current, but has operating 
tolerances of from 105 to 129 volts and from 50 to 60 cycles. 
The platen and timer operation is actuated by the foot 
switch shown in figure 9-3. The foot switch plugs into a 
socket under the control panel. Momentary pressure on the 
foot treadle operates the switch and starts the printing cycle. 


PREVENTIVE MAINTENANCE.—Only trained repairmen are 
authorized to correct existing defects in cameras and labora- 
tory equipment; but all photographers should be acquainted 
with the importance of preventive maintenance, which cannot 
be overemphasized. The inefficient operation of one part 
of the equipment may cause the failure of the entire machine. 


346 


Therefore, operators and repairmen should understand that 
it is vitally important to properly maintain all equipment. 
Preventive maintenance means making systematic checks 
and adjustments at regular intervals to keep equipment 
operating efficiently. The purpose of preventive mainte- 
nance is to prevent breakdowns and, therefore, the need of 
repairs other than the replacement of parts necessitated by 
normal use. The purpose of repair is to correct existing 
defects. Detailed preventive maintenance procedures are 
given in the Operation and Service Handbooks which ac- 
company all equipment issued to service photo units. These 
handbooks outline specifically what to check, when to check, 
how to check, and the necessary precautions to be taken. 

To produce high quality prints, it is essential to keep the 
printers, printer glasses, and negatives clean. The printer 
should be dusted each day to prevent dust from accumu- 
lating in the printing area. Clean the mask, printer glass, 
and the masking glass after each use. Clean the printer 
glass with a moistened lint-free cloth before inserting each 
negative. Brush the negative with a soft brush to remove 
dust, lint, hair, or other foreign matter. Fingerprints on a 
negative may be removed with a cloth dampened with film 
cleaner. 

If, by accident, any solution is splashed or spilled on or 
near the printer, it should be removed and cleaned immedi- 
ately. Solutions that are left to dry will crystallize; these 
crystals get into the air and may settle on sensitized material 
causing pinhole effects which lower print quality. Chemicals 
and solutions also have an injurious effect on the metal parts 
of all equipment. 


Darkrooms 


The darkroom is the photographer’s laboratory and as 
such deserves some consideration as to size, location, arrange- 
ment, lighting, ventilation, color of walls and overhead, 
temperature and humidity, sinks, and water supply. 

The location of photo-unit darkrooms depends on the avail- 
able space and the type and amount of work to be accom- 
plished. But it is obvious that even a small room that is 
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well arranged will be an aid to production, whereas a 
rambling place that is too large will be time consuming. 
Furthermore, there is less waste and the work is less tiring 
when a standardized procedure is set up and closely followed. 
Hence, the exposing, developing, rinsing, fixing, and washing 
of prints may proceed from left to right, or vice versa, but a 
definite procedure should be used. 


At the present, service photo-unit darkrooms, both afloat 
and ashore, are painted a light green that is easy on the eyes 
and enables work to be viewed much easier under safelights 
than when they were given a darker coating. The upper 
parts of the bulkheads and the overhead may be painted 
white, buff, or a light green which helps secure better in- 
direct safelight illumination. When using white lights 
(ordinary illumination) in the darkroom, there should be as 
much light as it is conveniently possible to get into the space. 


The darkrooms are generally provided with ADEQUATE 
FRESH AIR, and the stale and noxious air is constantly with- 
drawn by power blowers installed in the bulkheads or over- 
head for that purpose. 

It is difficult to constantly maintain a darkroom at the 
desirable working temperature without special equipment, 
which is beyond the means of most small photo units. 
Nevertheless, the temperature of developers for prints should 
not vary much from 70° F. for best results. If the tempera- 
ture is outside the range of 65° to 70° F., the printing crew 
is definitely handicapped, since they must struggle to keep 
the solutions above or below the ambient, surrounding tem- 
perature. 

The sinks in modern laboratories are centrally located to 
save unnecessary steps and time. They are large enough 
to accommodate the largest trays normally used in the dark- 
rooms, and their central location makes them easily accessible 
from most any part of the working area. Tray racks are 
placed over the sinks so any liquid that may splash or slop 
out will run into the sink and be disposed of through the 
drain. 

Hot and cold running water are absolute essentials jn all 
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darkrooms and the better equipped sinks have convenient 
outlets at several different locations. 


Darkroom Equipment 


The carefully planned printing room should contain the 
following materials and equipment properly arranged so the 
flow of work moves easily from one stage to another: contact 
printer or projection printer, safelights, a sink and a set of 
trays for the solutions, a graduate for measuring and mixing 
solutions, a thermometer, at least two pairs of print tongs, 
and a timer or wall clock with a sweep-second hand. 

SAFELIGHTS.—Photographic papers are predominantly blue 
sensitive and may be processed safely under the conditions 
listed in table 9-1, and as discussed under ‘Emulsion 
Sensitivity” in chapter 8. The Wratten series #0A safelight 
is generally preferred for most printing because of its high 
safety factor and the good working light it affords. The 
color of the darkroom, as discussed previously, should be 
light in order to reflect the maximum amount of (safe) light 
and thus improve visibility. 


Table 9—1.—Darkroom safelight recommendations. 


Type of paper 


Safelight filter _| Lamp Safe working 
wattage distance 
Contact Projection 

Ansco #A-5_______-_---_- Safe_____ Unsafe_ _- 25 | 3 ft. 
Ansco #A+6____.__.---_- Safe____- Safe____- 25 | 3 ft. 
Wratten: 

Series #0_____________- Safe___-_- Safe_____ 25 | 3 ft. 
Series #00___.________- Safe____- Unsafe_ _- 25 | 3 ft. 
Series FOA_____________ Safe____- Safe____- 25 | 3 ft. 
Du Pont-S—55X-___-___- Safe____- Safe____- 25 | 3 ft. 


There is no completely ‘safe’ light. These devices are 
relatively safe, however, if the sensitive materials can be 
viewed at a distance under their illumination without fogging 
for the period of time that is normally required to expose 
and process them. As the sensitivity of the material in- 
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creases, less exposure to the safelight is required to produce 
fog. If specific safelight instructions are lacking for a given 
type of paper, the best plan is to make a test using the paper 
under the questionable light source. Such a test is simple 
and only involves exposing portions of a sheet of the paper 
for various times—2, 4, 6, 8, and 10 minutes, for example— 
at a normal working distance from the safelight. Then, 
after developing the paper, if a fogged appearance is notice- 
able beginning with the 8-minute exposure, the test shows 
that 6 minutes is the limit of permissible safe exposure under 
the existing conditions. 

Trays.—A minimum of three trays should be supplied 
and arranged in the sink so the prints can be processed in 
orderly progression from exposure to developer, to stop rinse 
bath, to fixing bath. When adequate sink space is avail- 
able, the ideal setup is to have 5 trays—one each for the 
developer, water rinse, stop bath, water rinse, and fixing 
bath. After the first few prints are processed, the rinse 
following the developing solution (the first rinse) becomes 
slightly alkaline and the rinse after the stop bath (the second 
rinse) becomes slightly acid. Then, if the hands are rinsed 
in both the second and first rinse baths and in that order, 
the weak acid remaining on the hands after leaving the 
second rinse will be neutralized by the alkali in the first 
rinse. Hence, the possibility of contaminating the developer 
with acid from the stop or fixing baths is eliminated, and the 
additional rinses will also prolong the useful life of the stop 
and fixer. 

The efficiency of the print room depends upon organiza- 
tion; whereas the quality of the prints depends upon the 
photographer’s skill, which may be developed only by 
observing the rules of accuracy, cleanliness, and the order 
of the various steps in processing. Follow the recommended 
formulas for all solutions. Use a graduate and accurately 
measure quantities for working solutions. Keep a thermom- 
eter handy, because timing the action of any solution in the 
process means very little except when the temperature of 
the solution is known. Always follow the logical succession 
of the steps in processing. Keep wet and dry operations 
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separated. Wash the hands in fresh water and dry on a 
towel before moving from wet to dry operations. 


Printing Solutions 


The chemistry of development and fixation are similar 
and serve the same purposes for both negatives and prints. 
Hence, ‘‘Basic Developers,” ‘‘Rinse and Stop Baths,” and 
“Fixing Baths,’”’ discussed in chapter 7, should be reviewed 
at this time. 


When processing conditions (temperature and strength of 
working solutions) are carefully controlled, the formulas 
recommended by manufacturers for their papers can be 
depended upon to yield excellent and consistant results. 
(See section 11 of the Photo-Lab-Index.) The solutions used 
for developing prints will usually be some mixture of metol 
and hydroquinone, a standard formula being D-72 or Air 
Force Type A. (See Kodak D-72, universal paper devel- 
oper, in section 6 of the Photo-Lab-Indez.) Since any 
variation in chemical solutions affect results, the working 
procedure quoted with the formula should be followed closely 
at first in order to produce usable photographs more quickly. 
D-72 should be diluted 1:2 (one part developer to two parts 
of water) for most routine printing. The recommended 
developing time with this strength working solution is 75 
seconds: a minimum of 60 seconds and a maximum of 90 
seconds. 


Any standard acid rinse bath (stop bath) will serve 
sufficiently. However, the commonly recommended formula 
is Kodak’s SB-1 which is an excellent acid stop for papers. 
It contains 1% ounces of 28 percent acetic acid to 32 ounces 
of water. If the excess developer is drained off prints 
before they are placed in the acid stop, 32 ounces will 
properly stop development and give adequate protection for 
approximately twenty-five 8 x 10 prints. The stop bath 
may be used at all times, but it is especially necessary when 
processing large numbers of prints and when solution temper- 
atures are above normal. Furthermore, the use of an acid 
rinse after development, as explained in chapter 7, will 
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prolong the life of the fixing bath. If no acid is available, a 
fresh water rinse should be used. 

The standard acid hardening fixing baths, Kodak F-5 and 
F-6, listed in section 6 of the Photo-Lab-Indez, will adequately 
fix prints within 10 to 20 minutes if the prints are agitated a 
few times. A gallon of either F—5 or F-6 will fix 100 or more 
8 x 10 prints when an acid stop rinse bath is used. Follow 
standard practice in routine print fixation, for there are 
injurious effects in overfixation as well as in underfixation. 
Inadequate fixing leaves prints vulnerable to stains and early 
uselessness. Overfixation tends to produce thinning or 
bleaching of the photographic image. 


Contact Printing Procedure 


Check the lamp sizes and filters of all safelights to make 
sure they compare favorably with the recommendations 
given in table 9-1. Place a clean towel, a timer, and ther- 
mometer, as described earlier, near the sink. Rinse the 
trays with fresh water, as a precaution against contamination, 
and prepare the developing, rinse, and fixing solutions. The 
trays should be larger than the prints to be processed, and 
one of the largest or deepest trays available should be used 
for the fixing bath, or hypo. 

When the solutions are ready, rinse and dry the hands and 
place a supply of the various contrast grades of printing 
paper conveniently near the printer. A pencil should be 
provided for marking prints, if desired. An empty printing 
paper box, for holding the exposed prints, should be placed 
nearby, if the prints are not to be developed as soon as each 
one is printed. 

MASKING THE NEGATIVE.—Most prints require white 
borders. This means that some type of mask is needed to 
prevent the printing light from exposing the edges of the 
printing paper. If the printer in use is not equipped with 
a masking device, a mask will have to be made to fit the 
negative. The material used for masks should be opaque 
and no thicker than about 0.005 inch. If the masking 
material is much thicker than 0.005 inch, and if it is used 
on top of the negative in the usual manner, it will cause a 
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distinct blurring along the edges of the image. The width 
of the blurred area will vary in proportion to the thickness 
of the mask. An 8 x 10 negative is generally masked so 
the print will have a %-inch border and an actual image 
size of 7x 9inches. A 4x 5 negative is printed with %-inch 
borders which leaves an image size of 34 x 414 inches. 

Paper masking material, termed MASKING CHARTS, is 
supplied in sheets 11 x 14 inches in size. These charts are 
black on one side and red on the other side and have 34-inch 
squares ruled in black on the red side. (See fig. 9-7.) The 
ruled lines assist in determining the opening size needed for a 
negative, and aid in accurately cutting the opening. 

Some guide line, or PAPER stop, should be placed at one 





Figure 9-7.—How to use the masking chart. 
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end and one side of the mask opening. The semipermanent 
paper stops form a square corner guide for quickly alining 
the edges of the printing paper evenly and parallel with the 
Opening in the mask, and help keep the borders even on the 
print. (See fig. 9-7.) The paper corner guide or stops may 
be 0.05 of an inch thick without causing poor contact between 
the negative and printing paper during exposure. Right- 
handed operators should place the paper stops in the upper 
left-hand corner of the mask opening, but any corner may 
be used as illustrated in figure 9-5. 

The printers equipped with metal strips, the masking de- 
vice described previously, permit masking by setting the 
strips to frame the negative as desired. Some of the masking 
devices are made of very thin metal and will not stand rough 
treatment. Consequently, many operators prefer to cut a 
series of masks from masking charts and change them as 
needed rather than use the metal masks on the larger prin- 
ters. However, the masking strips on the Master Power 
Printer and those on most all of the smaller printers are 
quite satisfactory. 

Since many photo labs are presently equipped with Master 
Power Printers, its operation will be employed in this dis- 
cussion. At the same time, it should be understood that 
many contact printers may be equally effective, but many 
will also be less efficient and less productive. 

Turn on the twelve printing lamp switches (refer to fig. 
9-6), the main power switch, and the pilot and dial lamps’ 
switch. Set the edges of the metal masks on the numbers 
representing the size in inches of the prints required. For 
example, if an 8 x 10 inch print with -inch borders is re- 
quired, set the inside edges of the two horizontal masks at 
7 on the left vertical mask (each mask should read 7 on each 
side of the zero mark). Repeat the procedure with the two 
vertical masks, but use 9 on either side of the zero mark on 
the lower horizontal mask. (See fig. 9-5.) The negative 
should be placed emulsion side up on the printing glass, and 
arranged under the mask so the best possible composition 
is obtained. If more light is needed for adjusting the nega- 
tive, the manual printing lamp switch may be turned on. 
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When more than one print is to be made from a negative, 
it should be secured to the printing glass with tape. Ifa hand 
cut mask is used, it should be secured to the center of the 
printing glass with tape before the negative is positioned. 
Since air bubbles cause loss of contact, always leave parts of 
the negative (or hand cut mask and negative as the case may 
be) untaped to allow the air to escape when the platen is 
rolled into the printing position. 

It is of utmost importance that the negative and printing 
glass be inspected for cleanliness. Any dust or foreign mat- 
ter found should be wiped off with a tuft of cotton which 
has been moistened in alcohol or negative cleaner. If the 
printer in use is equipped with a pneumatic platen, the bag 
should be checked for proper air pressure. The bag should 
spread out enough to nearly cover the printing glass when 
the platen is in the printing position. If it does not, the 
print will have fuzzy edges, due to lack of adequate contact 
between the negative and the paper. Too MUCH AIR IN A 
PNEUMATIC PLATEN MAY BREAK THE PRINTING GLASS. 

PAPER SELECTION.—The first essentials for good prints are 
a clean negative of correct density and contrast and a print- 
ing paper which has gradation characteristics appropriate for 
the contrast range of the negative. Then the negative should 
be examined by the viewing or manual printing lamps to 
determine the contrast of the paper needed and the approxi- 
mate exposure time. Unfortunately, the density and con- 
trast range of all negatives will not be technically perfect: 
but in analyzing a negative, to determine the most suitable 
paper contrast, be careful not to confuse contrast with den- 
sity. Refer to the discussions of ‘Inherent Contrast’? and 
‘Selecting Printing Papers” in chapter 8. When in doubt, 
or in lieu of experience, it will be best to make a test exposure 
or trial print on number 2 contrast paper. If the trial print 
is too contrasty, another test print should be made on softer 
paper. If the test print lacks sufficient contrast, change to 
a paper of harder gradation. 

THE TEST EXPOSURE.—The exposure is the operation that 
will most likely cause the inexperienced photographer trouble. 
Unlike most films, which can tolerate considerable over- 
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exposure and even some underexposure and still yield usable 
photographs, printing papers must be correctly exposed to 
- produce good prints. The negative is only an intermediary 
step in making photographs, and some of the mistakes made 
in this step can be corrected during printing. But the print 
is the final step, and mistakes made at this stage usually can 
be corrected only by making another print. Experience and 
familiarity with printing equipment does help, but the cor- 
rect exposure for prints from most negatives is best deter- 
mined by making test prints. 

The factors upon which the length of printing exposures 
depend are: the intensity of the printing lights, distance be- 
tween the printing lights and the printing glass, sensitivity 
of the printing paper, and the density of the negative. The 
first three factors are standardized and therefore eliminated 
as variables by using the contact printer and by always 
printing with the same type of paper. The only remaining 
variable quantity then is negative density, which can be 
determined by simply making a few test exposures. The 
duration of exposure for the negative of average density being 
printed on a medium speed contact paper will be approxi- 
mately 3 to 5 seconds. If the negative is large, avoid the 
expensive and wasteful temptation of using a whole sheet of 
paper, use a strip about one inch wide and as long as the 
negative for the test exposures. For example, an 8 x 10 
inch sheet of paper can be cut crosswise into 6 or 8 small 
strips. 

After the paper contrast and the exposure time have been 
decided upon, the viewing lamps or the manual printing 
lamp switch must be turned off. Then set the timer for the 
estimated exposure time (3 to 5 seconds). Place the paper 
test strip over the negative in the printing position. Hold 
the paper in position with one hand and start the printing 
cycle by depressing the foot switch momentarily or by pulling 
forward and down on the forward edge of the platen. As 
soon as the platen grips the edge of the paper, quickly move 
the hands out of the path of the platen and the carriage. 
When full contact pressure has been reached, the printing 
lights will be turned on automatically. At the end of the 
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exposure time, the printing lights will be turned off auto- 
matically, and the power driven carriage will return the 
platen to its starting position. This ends the printing cycle. 
If the printer in use is not equipped with an automatic 
timer, the exposure should be timed by watching a con- 
tinuous timer, and the printing lights turned off by releasing 
(lifting) the pressure on the platen. 

When the test strip of paper has been exposed, write on 
the back of the paper the exposure given and the type of 
paper used. This information will be valuable later when 
comparing the test prints to determine which contrast grade 
of paper was best and what exposure was correct. Develop 
the test strip for the recommended time. If the image is too 
dark, the exposure was too long. If, on the other hand, the 
image is too light, the exposure was too short. 

It is difficult for even the experienced photographer to 
judge the contrast of a print that has been underexposed or 
overexposed. Hence, if the test print is too light or too 
dark, the exposure should be changed until the proper density 
is attained with normal development before attempting to 
judge the correctness of print contrast. The test strip of 
paper should be placed on the negative so the test exposure 
will include a highlight, a halftone, and a shadow. The 
normally exposed print will develop gradually but steadily— 
shadows first, then halftones, and finally highlight details. 
Development should be completed in 60 to 75 seconds, as- 
suming the developer is at the proper strength and tempera- 
ture. If the image flashes up quickly with a general mot- 
tling, it was overexposed and the next test should be given 
less exposure. The overexposed print will develop in a very 
short time and the common temptation is to “pull” if from 
the developer, which prevents the image from going too 
dark, but results in a flat, muddy, uneven image. If, on the 
other hand, 60 to 75 seconds of development does not pro- 
duce a print of the proper density, the printing exposure 
must be considered inadequate. After the beginner has 
successfully exposed a few prints, he will rapidly acquire 
enough experience to estimate correctly the density of 
negatives for contact exposures. 
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If a variation of exposure time does not yield a satisfactory 
print, a different contrast grade of paper is probably needed. 
If a properly exposed and developed test print lacks clean 
highlights and shadows, try a harder grade of paper, number 
3 or number 4. But if the print is merely black-and-white 
with few middle tones (halftones), use a softer contrast 
grade such as number 1. 

EXPOSING AND PROCESSING THE PRINT.—When a test 
print appears to develop in the recommended time, rinse it in 
the stop bath, immerse it in the fixing bath for about 1 
minute, rinse it in fresh water, and inspect it carefully under 
adequate white illumination. If the density and contrast of 
the image looks right under white light, printing should 
proceed by making the first “straight print.”’ 

Select a sheet of the paper best suited to the contrast 
characteristics of the negative, and place it, emulsion side 
down, over the negative in the printing position by alining 
the paper edges with the paper stops on the mask. When 
using glossy paper, the side toward which the sheet tends to 
curl is the emulsion side. The emulsion side of some matte 
surface papers, however, is sometimes harder to identify. 
A simple way to identify the emulsion side of most any type 
paper is to clamp one edge of the sheet lightly between the 
teeth. The emulsion will usually stick slightly to the teeth, 
while the back of the paper will release easily. Hold the 
paper in the printing position with one hand, to keep it from 
slipping out of place when the platen first presses against its 
edge, and start the printing cycle as described previously. 
After the printing cycle is completed, remove the print for 
processing. Any number of duplicate prints can be made 
by feeding the paper and pressing the foot switch or platen. 

Drop the print emulsion side down into the developer. 
Immerse it immediately with a quick sliding motion while 
pushing it under the surface of the solution. Grasp one edge 
of the sheet lightly, lift it up, and turn it over. Replace the 
print emulsion up on the surface of the solution, push it under 
the surface again and leave it under during the remaining 
time in the developing tray. The print must be immersed 
rapidly and evenly to prevent the formation of air bubbles 
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on its emulsion surface, and to insure that all of the emulsion 
is wet with developer in the shortest possible time. Agitation 
for the remaining developing time should be constant. 

Each type of printing paper has its characteristic working 
procedure, differing mainly in the length of time required to 
develop the image in a given type and strength of solution. 
Therefore, the beginner should use only one make of paper for 
the first few assignments. The correct print is one which will 
develop to the desired density in the recommended time. 
Hence, the printing exposure should be varied until the print 
will develop to the proper density in 60 to 75 seconds. 
Remember, a print must be exposed so that it reaches the 
proper density only with full development. Otherwise its 
color and appearance will be below standard. When using 
D-72 stock solution diluted 1:2, and when Azo and Convira 
contact papers are exposed correctly, the image develops 
to the correct density and color in the recommended time. 
If the exposure is insufficient, the image will not develop to 
the desired density, even with longer time in the solution, and 
will appear pale and lacking in brilliance. Stains may also 
occur if development is prolonged. If the exposure is too 
great, the image will become too dense or dark before the 
recommended time is reached. If removed (pulled) from 
the solution with less than 50 seconds development, the 
prints will have a mottled, greenish appearance. 

Printing developers work more rapidly than those used for 
negatives. Consequently, print immersion must be quick 
and even, and agitation should be constant. Stir the solution 
gently, either by rocking the tray or by stirring slowly with 
the print tongs or fingers. 

When the print has developed for almost the correct length 
of time, lift it and place it on the surface of the solution so 
that it can be picked up easily when finished. When it is 
fully developed, lift it out of the developer and drain it 
momentarily, rinse it a few seconds (if a water rinse is handy 
between the developer and the stop bath), and place it in the 
stop bath. 

After 5 to 20 seconds in the stop bath, lift the print and 
drain it briefly, and either rinse, drain, and place it in the 
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fixer, or drain and place it directly into the fixing bath. 
Move it about in the fixing bath for a few seconds and 
examine it for any faults which might cause it to be dis- 
carded. When the inspection is completed, place it emulsion 
down in the fixer to complete the fixing process. 

Some papers have a tendency to float in the fixing bath, 
especially if the bath is mixed a little stronger than the usual 
70-degree Baumé hydrometer test. When prints float in the 
fixer, they should be handled constantly, or turned face down 
to prevent the emulsion from being exposed to the air. The 
parts of a print exposed to the air during fixing may become 
stained. 

When prints float face downward, no trouble will be en- 
countered except the possibility of air bubbles being formed 
under the prints. Air bubbles under a print will produce the 
same type of stains and must be prevented. Immersing the 
prints edgewise and letting them turn face down as they 
submerge will eliminate the air bubbles. 

Each new print entering the fixing bath should go under 
all the others, thereby insuring that fresh solution reaches 
the print during the first few seconds of fixing. All shifting 
of the prints in the bath should be done so no bubbles of air 
are formed. 

When transferring a print from one solution to another, 
the few seconds of draining which was mentioned earlier will 
prove worthwhile. Proceeding along the production line of 
trays, from developer to fixer, each solution is designed to 
slow down or stop the action of the preceding one. If an 
excess of any solution is carried into the following one, the 
strength of that solution will be exhausted sooner than in- 
tended, and replacement will become necessary at an earlier 
time. Loss therefore will occur from two sources: the waste 
of chemicals and the waste of time from having to mix fresh 
solutions more frequently. 

The process of printing and developing can be carried along 
as described until 10 minutes have passed. At this time, if a 
second fixing bath is available, the first prints placed in the 
fixing bath should be transferred to the second bath. If the 
second bath is not available, the prints that have been in the 
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fixer for 10 minutes should be turned over so they can be 
easily separated from the following prints. At the end of the 
second 10-minute period, remove the first group of prints to 
the washing tank, or to a tray of fresh water, and move the 
second group of prints into the second fixing bath, or into 
the reversed position in the first bath. 

At regular intervals all during printing, move the prints 
along in the above manner, in order to complete fixing and 
yet protect the prints from prolonged action of the chemicals 
in the hardening and fixing solution. Prolonged fixing 
bleaches the silver image. 

It is not possible to determine by inspection just when 
the first half of fixing the emulsion has been completed. 
Therefore, a time schedule should be used to insure complete 
fixation of all prints and that no damage will occur from 
prolonged fixing. If the prints are processed according to 
the procedure outlined above, they will be completely fixed 
and ready for washing. 

GROUP PRINT DEVELOPMENT.—The first few prints should 
be handled individually to make sure that printing and 
processing are producing the desired results. But several 
prints may be processed at one time, providing they are 
sufficiently separated and agitated during the process to 
assure uniform access of solutions to all parts of each print. 

When processing several prints at one time, they should 
be immersed in the developer separately at regular intervals 
and, at the end of the proper developing time, removed in 
the same order and at the same regular interval. To prevent 
the prints from sticking together, each one should be com- 
pletely immersed before the next print is put in the devel- 
oper. Agitation should be accomplished by rotating the 
prints in the solution; that is, take each print in turn from 
the bottom of the tray and place it on top of the other prints. 

As the prints reach full development, transfer them one 
by one to the stop bath. Rinse them thoroughly for 10 to 
20 seconds, then place them in the hypo and agitate each 
print to make sure they do not stick together. After about 
2 minutes, they may be inspected by white light, but they 
should be promptly returned to the hypo for complete fixing. 
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LOCAL PRINTING CONTROL.—Print quality can usually be 
controlled sufficiently by selecting the correct contrast 
grade of paper and exposing it properly. But to control 
the printing exposure of a small area within a photograph 
is another matter. Sometimes one area of a negative may 
be too dense or too thin and require more or less exposure 
than the surrounding area in order to produce a print of 
uniform density. This can be remedied by a form of local 
exposure control termed popainc. There is a number of 
local control procedures, and adeptness with them is one of 
the marks of a skilled photographer. 

Dodging is usually done by turning one or more of the 
individual light switches off for all or part of the exposure 
time. If sufficient dodging cannot be accomplished by means 
of the individual lights, tissue paper may be used to further 
reduce the printing illumination. The paper is cut or torn 
to the approximate size and shape of the area to be dodged 
and inserted in the printer between the diffusing glass and 
the printing glass, directly under the desired area. More 
than one piece of tissue or a combination of both dodging 
methods may be required, depending on the quality of the 
negative. 

For general area exposure control, use the individual 
printing lamp control method. The printing lamp switches 
on the control panel correspond to the position of the lamps 
they control in the light box. Turn off the lamp or lamps 
beneath the thin or underexposed area of the negative. 
Operate the printer in the usual way. A lamp control data 
sheet should be filed with the negative to eliminate test 
printing when additional prints are needed later. 

For more defined areas, use the FIXED TISSUE METHOD. 
Tape the negative in position on the printing glass, remove 
the masking glass shown in figure 9-8, and position the glass 
over the negative so that its three register marks are in 
register with those on the top printer glass. Cover the 
entire negative area with a sheet of tissue paper so there is 
a margin of tissue around the edges of the negative. Attach 
the paper to the masking glass with tape. Additional layers 
of paper can be added as required. If necessary, pencil 
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Figure 9-8.—The masking glass. 


shading can also be done on the tissue. Cut out the exact 
outline of the areas which require the full exposure. Slide 
the masking glass all the way back into the upper slot in 
the printer light box. This establishes register between the 
dodging tissue and the negative. After the required prints 
have been made, remove the tissue from the glass and file 
it with the negative for future use. Clean the masking glass 
and replace it in the printer. 

Multiple layers of dodging tissue may be avoided by com- 
bining the two methods of dodging outlined above. Turn 
out the lamp or lamps under the thin areas of the negative 
and use tissue for the clearly defined areas which require 
more control. For future use, file a lamp control data sheet 
with the tissue and the negative. 

PRINTING PRECAUTIONS.—A good print has all possible 
detail shown in both highlights and shadows. Clean handling 
is essential to produce good prints consistently. Keep a 
supply of clean towels handy, wash and dry the hands be- 
fore handling printing papers. Clean dry fingers should 
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touch only the extreme edges of the emulsion side of these 
papers. It is almost impossible to touch the emulsion side 
without leaving fingerprints which will develop and show 
clearly on the finished prints. If possible use two print 
tongs—one for the developer and one for the stop and 
fixing baths. 

It is poor economy to use minimum quantities of developer. 
Small quantities oxidize (turn brown) very quickly. An 
oxidized solution cannot produce clean, brilliant, pleasing 
pictures. 

When securing the printer, make sure the carriage is all 
the way back in the neutral position and that the platen is 
free. Then turn off all switches and replace the printer’s 
dust cover. 


PROJECTION PRINTING 


Projection printing varies from contact printing in that 
the negative is separated from the paper and the image is 
projected, by means of a lens, onto the sensitized material. 
The negative is placed between an enclosed light source and 
a lens. The lens receives the light that passes through the 
negative and projects the image onto the paper holder or 
EASEL. Changing the distance between the lens and the 
easel controls the size of the image. The image is focused 
on the easel by adjusting the distance between the negative 
and the lens. Thus, it is possible to enlarge or reduce the 
size of the projected image to practically any desired scale 
by simply changing and adjusting these distances. The 
image may be projected to the same size, to a larger size, or 
to a smaller size, depending upon the optical system used 
and the construction of the printer. Most projection prints 
are made to an enlarged scale; hence, the projection printer 
is commonly referred to as an ENLARGER. The optical laws 
employed in projection printing were explained under 
“Conjugate Foci” in chapter 4. 

Projection printing is a very adaptable and versatile 
process in which considerable control can be exercised. 
Although the main advantage of projection printing over 
contact printing is that large size prints can be made, there 
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are several other important advantages. Among these are 
the ease with which local printing control can be accom- 
plished, various special effects may be obtained, and the 
fact that both composition and perspective can be improved. 


Projection Printers 


There are many different makes and models of projection 
printers, or enlargers, but all are constructed to conform to 
the same basic idea. Horizontal enlargers are used where 
very large prints are frequently required. But the most 
generally used enlargers are the vertical models; specifically, 
the negative is held horizontally and the image projected 
downward. (See fig. 9-9.) In any case, the planes of the 
negative, the lens, and the easel must be parallel to insure 
sharply focused images. 

Service photo units are equipped with vertical enlargers 
which have a sturdy base with an upright (vertical) member, 
Or STANDARD, at one end. A masking paper easel rests upon 
the base and holds the paper in position for receiving the 
image. The camera unit is attached to the standard as 
illustrated in figure 9-9. 

The enlarger is, essentially, a camera in reverse; that is, 
it projects rather than receives the image. In general, it 
consists of a lamp house with a light source and reflector, a 
method of obtaining even illumination over the negative, a 
negative carrier or holder, a bellows, and a lens with a dia- 
phragm. The bellows and lens are attached to controls for 
focusing the image, and the mount for the enlarger is secured 
to the standard in such a way as to provide some method 
of changing the lens to easel distance. 

THE LIGHT souRCcE.—The light source for a projection 
printer is usually an inside frosted incandescent lamp which 
is located within the lamp house so the light is directed down 
toward the negative carrier. The light-tight lamp house is 
ventilated to prevent excessive heat which can ruin both 
negatives and lenses. However, one type of enlarger uses 
fluorescent tubes. They produce very little heat, termed 
COLD LIGHT ENLARGERS, and no ventilation is necessary. 

ILLUMINATING THE NEGATIVE.—The methods used to dis- 
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Figure 9-9.—A vertical enlarger. 


tribute the light evenly over the negative divide projection 
printers into three general classes—CONDENSER, DIFFUSION, 
and DIFFUSE-CONDENSER. The condenser enlarger makes 
use of a set of condensing lenses to project the light rays from 
a clear prefocused projection lamp evenly through the nega- 
tive. The condenser is a pair of plano-convex condensing 
lenses mounted as a unit with their convex surfaces opposed 
as shown in figure 9-10. This type of enlarger produces a 
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very brilliant image having maximum sharpness, and more 
contrast than could be obtained with the same negative in a 
diffusion enlarger. Because of this it is especially useful for 
enlarging miniature negatives. However, this very sharp- 
ness, this unmitigated efficiency, means that any flaws in the 
negative, such as abrasion marks, scratches, and other 
blemishes, will also be very evident in the print. Hence, the 
condenser enlarger is useful only when the film has been 
scrupulously processed to minimize blemishes, scratches, and 
dust, and where critical sharpness is an asset. 


VENTILATOR 





LAMP 


NEGATIVE 


LENS 


Figure 9-10.—A condenser enlarger. 


The diffusion enlarger has a set of diffusing plates, usually 
ground or fused opal glass, between the lamp and the negative 
carrier to evenly spread the light over the entire surface of 
the negative. The light source is an inside frosted incan- 
descent lamp which is located in the lamp house so the light 
is reflected diffusely down toward the negative and lens. 
(See fig. 9-11.) These give soft, even illumination and tend 
to minimize negative flaws and grain. The diffusion en- 
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Figure 9-11.—Diffusion enlargers. 


larger does not render an image as sharp as a condenser 
enlarger because the diffuse light is softer than the straight, 
direct light rays formed by condensing lenses. The diffusion | 
enlarger is especially suitable for portraiture and other 
routine printing involving negatives 4 x 5 inches and larger. 

One disadvantage of diffusion enlargers: There is consider- 
able loss of light, and printing exposures are generally longer 
than for the condenser types. 

The diffuse-condenser enlargers, sometimes called semi- 
diffused and combination enlargers, are the most common 
projection printers. They are a_ successful compromise 
between the two other types. When a frosted lamp is used 
in a condensing enlarger instead of the clear prefocused 
projection lamp, it comes under this classification. Al- 
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though the Simmons Omega D-II, the camera unit illustrated 
in figure 9-12, is commonly referred to as a condenser en- 
larger, it is actually a diffused-condenser because a frosted 
lamp is used for the light source. A removable opal or 
ground glass is used between the light source and the con- 
densing lenses in some combination enlargers. As a result, 
the advantages of all three types may be utilized with only 
oneenlarger. In general, the contrast rendered by a diffused- 
condenser enlarger falls between that obtained with the 
other two types. Surface blemishes on films are not ren- 
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Figure 9-12.—A diffused-condenser enlarger. 
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dered starkly obvious, yet the contrast and image sharpness 
are adequate for printing miniature films. 

THE NEGATIVE CARRIER.—The negative carrier may be 
one of two types, DUSTLESS Or GLASS SANDWICH. The dust- 
less carrier consists of two shaped and hinged metal sheaths, 
or plates, with die-cut openings in the center. The negative 
is placed between these plates and positioned in the opening. 
When the hinged plates are closed, they clamp the edges of 
the negative and hold it in position. If properly designed, 
they function excellently for negatives 4 x 5 inches and 
smaller. The glass sandwich carrier is simply two sheets of 
glass in a wood or metal frame, between which the negative 
is placed. They are necessary for negatives larger than 
4 x 5 inches, because large negatives have a tendency to sag 
in the center of dustless carriers. One disadvantage of glass 
sandwich carriers is that any dust or lint on them becomes 
part of the projected image. 

THE LENSs.—Lenses for projection printing should be 
anastigmats with an angle of field large enough to cover the 
negative. No shutter is necessary because the exposures 
are usually measured in seconds. On enlargers using 
tungsten lamps, the exposure is made by turning the light 
on and off. With fluorescent tubes, however, the light 
should remain on and the exposure made by uncovering and 
covering the lens. Practically all enlargers are equipped 
with a mounted, ruby, safety filter which can be swung 
under the lens for this purpose. 

THE EASEL.—There are many types of easels in use, each 
serving the same basic purpose—holding the printing paper 
in a flat plane. Most easels have adjustable masking strips 
to regulate the borders of the prints. Those equipped with 
masks usually have an adjustable guide for placing the 
paper evenly under the masking strips. The adjustable 
guides and masks will enclose almost any size rectangle 
from 3 to 24 inches. 

IMAGE scALE.—In order to obtain changes in the scale of 
the projected image, it is necessary to alter the conjugate 
distances in a manner similar to that in cameras. Specifi- 
cally, to enlarge a negative to a greater degree, the lens-to- 
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easel distance must be increased and the negative-to-lens 
distance must be decreased. Some enlargers, termed 
AUTOFOCUS, are 80 designed and constructed that when the 
lens-to-easel distance is altered the negative-to-lens dis- 
tance is automatically adjusted and the image is always in 
focus. These printers operate conveniently for enlarge 
ments, but an auxiliary optical system must be attached to 
reduce the image size. An attachment of this type is not 
as convenient to use as the manual-variable-focus models, 
which can produce both reduced and enlarged images with 
the same optical system. Nevertheless, the majority of 
projection printing requires enlargements, and for this work 
autofocus models are satisfactory. 

Although it is theoretically possible to make reductions 
to any desired size, the bellows on most projection printers 





Figure 9-13.—The Simmons Omega D-II enlarger. 
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cannot be extended far enough to make reduced projections 
smaller than 1:1. Smaller reduction may be accomplished 
by substituting a lens of shorter focal length, but a more 
satisfactory method is to use a reducing attachment. This 
attachment, available as auxiliary equipment on some 
enlargers, consists of a section of bellows to which is attached 
a short focal length lens. The regular enlarger lens is not 
used in conjunction with a reducing attachment. 

There are enlarger features which are not restricted to 
any one type. For example, as briefly mentioned earlier, 
enlargers may be constructed for vertical, horizontal, and 
combination operation. The Simmons Omega D-II (fig. 
9-13) is a combination enlarger that may be used vertically 
in two positions: With the easel on the base, or the camera 
unit and standard can be rotated 180 degrees on the at- 
tached base and then larger diameter enlargements can be 
made by placing the easel on the floor. Furthermore, this 
enlarger can be set up horizontally with the proper acces- 
sories for counterbalancing the lamp house and _ lens 
assembly. 


Printing Procedure 


The darkroom design, equipment, and arrangement for 
projection printing is basically the same as required for 
contact printing. The safelight filters should be either a 
series #0 or #0A as indicated in table 9-1. The size of the 
prints may require larger trays and greater amounts of 
working solution, but they should be arranged in the sink 
in exactly the same order as described for contact printing. 
The Kodak D-72 developing formula is just as effective 
with enlargements as with contacts. It is often diluted 
1:2 (one part developer to two parts of water) as the working 
solution for most enlarging papers. However, the contrast 
of chlorobromide and bromide emulsions can be varied 
more than chloride emulsions; hence, it is permissible to 
change the dilution of the working solution to 1:1, 1:3, or 
even 1:4 in order to obtain the desired result. The recom- 
mended developing time when using D-72 diluted 1:2 is 
60 seconds, with useful times ranging from 45 to 120 seconds. 
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From the enlarger’s easel, the exposed paper goes to the 
developer, to the rinse or acid stop bath, to the hypo, and 
to the wash. With all in readiness, the correct filters in the 
safelights, the processing solutions mixed and arranged 
properly, and the printing paper placed conveniently near the 
enlarger, production will then proceed by making the pro- 
jection test print. 

The prerequisites for good enlargements are good nega- 
tives, a clean enlarger, the proper contrast grade of printing 
paper, correct exposure and development, and careful proc- 
essing and finishing. Although most any negative can be 
printed by projection, there are a few characteristics that 
are particularly desirable. A good negative has normal 
density and contrast. It is sharp and free from such defects 
as scratches, abrasions, dust, lint, and fingerprints. 

A negative should be handled carefully by the edges to 
prevent fingerprints and greasy smudges. Enlarged finger- 
prints, lint, and dust particles hold back the light during 
printing and their shadows produce white spots on the prints, , 
which are very unattractive additions to any photograph. 
Hence, both the negative and the carrier should be cleaned. 
with a tuft of cotton or plush pad moistened in alcohol or 
film cleaner. If the negatives are properly processed and 
handled, however, they will usually need only a gentle 
dusting with a soft brush. 

ENLARGER ADJUSTMENTS.—Insert the negative in the 
carrier so the emulsion side will be down toward the lens. 
In other words, the base of the negative, the shiny side, 
should be up or facing the lamp house. Replace the nega- 
tive carrier in the enlarger and make sure that it is properly 
seated. 

Set the paper corner guide and the masking device on the 
easel to form the border width and print size needed. As an 
aid for composing and accurately focusing the image, place 
a sheet of white paper in the printing position on the easel. 
The base side of a finished print will serve nicely for this 
focusing screen. Then turn out all white lights. 

Turn the enlarger printing lamp on, open the lens to its 
maximum aperture, and move the easel around until the 
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desired portion of the image is in the masked opening. Raise 
or lower the camera unit on the standard or column, focus 
the image, shift the easel as needed, and continue these 
adjustments until the image is enlarged or reduced to the 
desired size, in sharp focus, and composed correctly on the 
easel. 

At this point several minor problems confront the opera- 
tor, and he should take a moment to study the image care- 
fully. The picture will be easier to compose with the 
scene right side up. If it is upside down from the operator’s 
point of view, either rotate the carrier or remove the carrier 
and reposition the negative. Most printing papers are 
rectangular; therefore, the next problem is to determine 
whether to use a vertical or horizontal format. In many 
cases, the way the scene is composed on the negative will be 
the controlling factor. But if it is simply a matter of deter- 
mining which view looks best, use the vertical format. 

The easel should be moved around until the best composi- 
tion is obtained. While composing the image, try to correct 
any errors of image composition in the negative. Straighten 
the horizon, and if possible try to prevent it from cutting 
the image on the print into two equal sections. If the 
horizon is not visible, make sure that vertical objects are 
parallel with the sides of the masked area on the easel. If 
the space around the subject is not pleasing, try to remedy 
the error. Distortion of perspective can be reduced by 
making corrections while arranging the easel and focusing. 

After the image is correctly composed and focused, the 
aperture of the lens should be closed down sufficiently to 
necessitate an exposure of approximately 10 seconds. This 
length of exposure is ideal because it will permit a normal 
amount of dodging (explained later) and is fast enough to be 
practical for quantity production. The exact amount the 
lens should be ‘stopped down’”’ depends upon the density of 
the negative and is difficult to determine without experience. 
For beginners it is suggested that closing the aperture down 
about two stops, to f/8 or f/11, with a normal negative will be 
a good starting place. Since dusty or fingerprinted lenses 
can diffuse the projected image, make sure the optical system 
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is clean. Lens cleaning tissue is provided for this purpose. 
Turn the printing light off, remove the paper (the composing 
screen) from the easel, and place it aside for use with the 
next negative. 

THE TEST EXPOSURE.—With the printing illumination off, 
select a sheet of printing paper as explained previously under 
“Contact Printing,’ cut it lengthwise into several strips 
about one inch wide, and place one of these strips in the 
easel emulsion up. The procedure for making a projection 
test exposure differs from contact printing tests in that a series 
of exposures can be given on one piece of paper. 

In order to determine as much information as possible 
from the test strip, it should be exposed in a series of steps. 
The steps should be planned to give each succeeding step 
just half the exposure of the preceding one, since changes of 
less than 100 percent in exposures will not show enough 
difference to be of value. Four steps are usually enough, and 
a suggested series may be made by using the following pro- 
cedure. 

Cover three-fourths of the strip, and expose the uncovered 
portion for 8 seconds. Uncover another one-fourth and 
expose for 4 seconds. Uncover the third section and expose 
for 2 seconds. Uncover the remaining part and expose for 2 
seconds. This produces a series of exposures in which each 
succeeding section of the strip has received double the ex- 
posure of the preceding section, in this case 2, 4, 8 and 16 
seconds. Develop the test for the recommended time in a 
normal strength solution. At least one of these sections 
should be close to normal in appearance and the next ex- 
posure, using a whole sheet of paper (for the straight print), 
should be approximately correct. 

If preferred, longer or shorter exposure times may be used 
providing they do not become excessive in either direction. 
Very short exposures are not practical. Very long exposures 
will subject the negative to excessive heat from the printing 
lamp and waste time. 

Ten seconds is about as short an exposure as should be 
used, because even slight changes in time will result in a 
large percentage of printing error. Twenty seconds is the 
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longest exposure that should ever be required for normal 
negatives. If the exposure time passes these limits, change 
the lens stop to bring the exposure within practical limits. 

THE STRAIGHT PRINT.—After the test print has been in the 
hypo for a couple of minutes, it may be removed, rinsed in. 
fresh water, and inspected under white light to determine 
which of the test strip exposures is correct. If none of the 
differently exposed sections appear to be normal, the correct 
exposure may be indicated by choosing a time that would 
fall between two of the exposures. After the exposure time 
and paper have been decided upon, select a whole sheet of 
the paper and place it in the easel. Expose, develop, rinse, 
and fix this straight print. 

Fix the straight print for about 2 minutes; rinse it in fresh 
water; flatten it out in an empty tray; sponge the surface 
water off; and turn on the white lights for a careful scrutiny 
of print quality. The exposure should be approximately 
correct. But what about the contrast? A good print will 
usually have a white somewhere in a highlight area, a black 
in the deepest shadow, and a well-modulated scale of grays 
between these two tonal extremes. If in doubt about the 
proper contrast, the best method is to make additional 
prints on two other grades of paper. Inspect the group and 
then decide which print has the most pleasing or realistic 
contrast. This method will also reveal how easy it is for 
a mediocre print to appear acceptable or passable until a 
direct comparison is made with the same image correctly 
exposed on the proper contrast paper grade. If there are 
distracting areas which are too light or too dark, they can 
be darkened or lightened by additional exposure control in 
successive prints. : 

Dopveinc.—As indicated earlier, enlarging permits a 
great degree of printing control. In some instances, the 
brightness range of a subject may be too great to be repro- 
duced in a print. Nevertheless, adequate compensation can 
usually be made by giving additional exposure to the high- 
light areas that would otherwise print too light, and by shad- 
ing the areas which print too dark. Detail, for example, 
can be preserved in shadow areas by “dodging,” holding 
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back the light, or shading such areas during part of the 
exposure. Dodging can usually be accomplished more 
easily and accurately in projection printing than in contact 
printing. 

It will be necessary to dodge some parts of most projection 
prints to produce a correctly exposed image. Since the 
shading material is held and manipulated in the beam of 
light from the lens, its location and coverage can be seen and 
controlled during the printing exposure. Hence, accurate 
dodging can be done with the hands or various shaped cards, 
which may be cut from black paper and used when needed. 
A favorite tool for dodging small areas in the image is a 
card of suitable shape pinned or threaded onto one end of a 
stiff wire. This method of shading will allow the shadow 
of the dodging tool to cover a small or large area, depending 
on the size of the card and its distance from the surface of 
the printing paper, without affecting the other parts of the 
image. This “butterfly” is held between the lens and the 
printing paper in such a manner as to prevent the light from 
falling upon the area to be dodged. Dodging is generally 
necessary for only part of the exposure time. The tool used 
must be moved up and down slowly and constantly to pre- 
vent a sharp line between the area dodged and the other parts 
of the image. 

Another form of dodging, termed BURNING-IN, Is used to 
make an area darker. This is done by using a cardboard 
or paper with a hole in the center which is approximately 
the same size and shape as the area to be burned-in. After 
the normal overall printing exposure has been made, the 
card or paper is moved into position between the lens and 
the easel. The card holds back all the light except that 
passing through the hole onto the area that needs additional 
exposure. This device must also remain in motion during 
the time the light is on to prevent a sharp outline of the hole. 

The dodging should be practiced before attempting to 
expose the print. Time the amounts of exposure for every 
step of the shading procedure. This is the only way the 
procedure can be controlled well enough to be duplicated for 
additional prints, or changed in any portion of the image as 
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needed. For example, the entire print may be exposed for 5 
seconds; the spot to be dodged is shaded and the image is 
exposed for another 5 seconds; then the portion needing 
additional exposure may be burned-in through the hole 
in a card for 5 seconds. This will require a total exposure 
time of 15 seconds which is about as long as should be 
tolerated without changing the lens stop. 

Experience will show that exposures of much less than ten 
seconds are not easy to make and have the shading begin 
properly. If the test print proves correct, duplicates can 
be made with no trouble. If not, any desired changes can 
be made in the shading, and good results may be expected 
after a few test prints. When only a few prints are required 
from each negative, it is much easier and quicker to obtain 
correctly dodged prints by projection than by contact. 
After all the printing data has been obtained, make all the 
prints needed from the negative. 

LARGE PROJECTIONS.—The size of projection prints are 
limited entirely by the optical system used and the working 
space available. In a lesser degree, the size of the printing 
paper will govern the size of prints; but a scene may be 
printed in sections on several sheets of paper and by splicing 
these sections together each picture can be as large as the 
working space will permit. 

This is the procedure used in making the oversize murals 
that adorn the walls of large rooms. The image is projected 
to the full size required and sections of paper are placed in 
position and exposed. These sections are placed and exposed 
so that when they are processed and spliced together, in 
correct register, the picture of the scene will appear as one 
print. The sections of paper should be as large as can be 
handled with consistency. This will reduce the number of 
splices needed to as few as possible. The splices show least 
of all when the sections consist of strips that reach completely 
across the picture in the horizontal direction. Splices run- 
ning in the vertical direction are more easily seen because 
the room lighting generally used causes the edges of the 
overlapped prints to be outlined by a shadow, or to give 
off a strong line of reflected light. 


378 


- a ‘Wi 


— see wees 


—_— 


es | ee i. a ee ie. ie, , oan 86s _— unm 


SMALL SCALE PROJECTION PRINTS.—The amount of reduc- 
tion with any printer is controlled by the optical system 
used and the amount of bellows extension available with the 
printer. If the focal length of the lens is short and the bel- 
lows is long, the image may be reduced to a small fraction 
of its original size. With some printers it is possible to make 
postage stamp size prints directly from an 8 x 10 inch nega- 
tive. But there is seldom as much need for great reduction 
as for great enlargements, and most printers will only reduce 
an 8 x 10 inch negative to the standard size for lantern slides 
(2 x 2 inches or 3% x 4 inches). 


Processing Procedure 


As indicated earlier, the developer is usually D-72 diluted 
1:2. The recommended range of developing times with 
this strength solution is 45 to 120 seconds. It is permissible 
to change the strength of the solution as required by the type 
of paper used for printing. If D-72 is diluted 1:3, the 
prints should be developed from 1% to 3 minutes. It is 
usually recommended that a small quantity of potassium 
bromide be added to the weaker working solutions. This 
increases the restraining action, permits longer development, 
and produces better print tones in slower working developers. 
Since the added bromide increases the developing time, 
there is a tendency to underdevelop the prints. This re- 
sults in a greenish tone which is often blamed on the added 
bromide. But actually the tones will improve with a longer 
developing time. The amount of potassium bromide nor- 
mally added is % ounce (15 cc.) of a 10 percent solution to 
each 32 ounces of stock D-72 diluted in the working solution. 

An acid rinse should be used between development and 
fixation. The time in the rinse bath should be a minimum of 
10 seconds if using acid and 30 seconds if a plain water rinse 
is used. This short stop bath is a solution of 28 percent 
acetic acid diluted 3:64. - 

The prints should be fixed in a F-5 or F-6 fixing bath for 
10 to 20 minutes. They should be immersed and agitated 
in all of the solutions as discussed previously under ‘‘Contact 
Printing.”’ 
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PRINT FINISHING 


The finishing of prints includes all treatments given to 
prints from the time they are removed from the fixing bath 
to their final delivery. These treatments include washing, 
drying, sorting, and captioning procedures. The funda- 
mentals of print finishing will be discussed here. The re- 
finements or niceties of print finishing—toning, mounting and 
spotting—are explained in chapter 4 of the training course 
for Photographer’s Mate Second Class, NavPers 10374. 


Washing 


The purpose of washing prints is to remove the residual 
chemicals that remain in the emulsion and base of these 
papers after development and fixation. Washing dissolves 
and dilutes the soluble products and eliminates them with 
the disposal of the wash water. The reasons for thoroughly 
washing prints are the same as the requirements for negatives, 
which were discussed in chapter 7 of this training course. 

Although chemicals diffuse from both the base and the 
emulsion of prints during washing, it is necessary to wash 
prints longer than the time required for negatives. Prints 
should be washed longer than negatives because the fibers of 
the paper and the baryta coating tenaciously retain the 
absorbed chemicals. Hence, the constant fractional reduc- 
tion by which hypo washes out of films (discussed under 
“Washing Rate and Time” in chapter 7) does not apply to 
photo papers. The allowable temperature range of the wash 
water for prints is from 60° to 75° F. Lower temperatures 
retard the diffusion of chemicals from prints, and higher 
temperatures may cause the emulsion to swell (RETICULATE) 
and break loose from the paper base (FRILL). 

WASHING SINGLE- AND DOUBLE-WEIGHT PAPERS.—The 
length of time necessary to thoroughly wash prints depends 
upon the amount of agitation they receive in the wash, the 
completeness and rapidity with which the water is changed, 
and whether the prints are on single- or double-weight paper. 
A certain amount of soaking is necessary in the wash. 
Hence, very rapid renewal of the fresh water in the wash bath 
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will not speed up the washing process because thorough 
washing is also dependent upon the time of diffusion of the 
chemicals from the paper. Furthermore, as the quantity of 
the chemicals to be removed becomes smaller the rate of 
elimination is decreased. If the prints collect in groups 
during washing, diffusion will be hindered. While it is most 
important that hypo be removed from prints, it is poor 
practice to wash them for a needlessly long time. Pro- 
longed washing may cause excessive softening of the emulsion 
and dimensional changes in the paper. Under favorable 
conditions, 30 to 45 minutes is the usual washing time for 
single-weight prints and 1 hour for double-weight prints. 

If prints are removed from the fixing bath and added to a 
batch that is washing, the hypo from the added prints will 
immediately diffuse into those in the wash. This makes it 
necessary for the timing of the washing period to begin anew 
when the last prints are added. 

It is possible to determine accurately whether prints have 
been washed sufficiently by using chemical tests. One 
method is to remove several prints from the wash water and 
allow them to drain into the violet-colored permanganate 
test solution discussed in chapter 7. If the test solution 
becomes a greenish color in about 1 minute, a large concen- 
tration of hypo is present; if it changes to an orange color, 
only a small amount of hypo is indicated. In either case, 
the prints should be returned to the wash until further test 
shows no change in the color of the test solution. If there is. 
no loss or change of color within 60 seconds, there is not 
enough hypo remaining in the prints to cause trouble. 
For preparation and use of the test solution review ‘Hypo 
Tests” in chapter 7. It is not necessary to test all washed 
prints for the presence of hypo; but it is recommended pro- 
cedure to make a test once in a while to prove the efficiency 
of the washing method in use and the time of washing. 

WASHING PRINTS IN SEA WATER.—Sea water may be used 
for washing photographic papers if it is followed with a fresh 
water rinse. It is considered a safe and economical pro- 
cedure to wash these materials in sea water for one-half of the 
usually recommended washing time and then wash in fresh 


381 


running water for 5 minutes to remove the salt. For de- 
tailed information on washing photo films and papers in sea 
water see section 5, page 4, of NavAer 10-1R-500A. 

TRAY PROCEDURE.—Although most prints are washed in 
mechanical washers, small groups may be washed by suc- 
cessive changes of water in a tray. Two trays having deep 
sides should be used. The size of the trays will be deter- 
mined by the size and number of prints to be washed. Both 
trays should be filled almost completely with water and all the 
prints placed emulsion up in one tray. The prints should be 
separated, agitated, and then transferred one at a time to the 
other tray. The first tray is then emptied, refilled with 
fresh water, and the procedure repeated until the wash is 
completed. When using the tray method, the prints should 
be agitated 2 or 3 times in each change of water and the 
water changed at 5-minute intervals until about 6 changes 
have been given for single-weight prints. Double-weight 
prints should be given from 8 to 10 changes. A second 
method of washing prints in a tray involves the use of a 
tray siphon. (See fig. 7-1.) The siphon directs fresh 
water into the top of the tray and at the same time it re- 
moves the chemically contaminated water from the bottom 
of the tray. The tray-siphon method of washing prints is 
quite efficient. 

MECHANICAL WASHERS.—Both shipboard and shore based 
naval photo labs are equipped with mechanical print washers. 
Designs vary to accommodate the type of printing accom- 
plished by the various units, but their general function is to 
wash prints in a continuous and changing water bath. 

One class of mechanical washers (fig. 9-14) consists of 
a round tank, in which a perforated circular metal tray con- 
taining the prints revolves on a vertical axis. The tray on 
some of these washers is so balanced that water spraying 
into the top causes it to rotate within the outer stationary 
tank, thus providing the motive power and print agitation. 
Yet on some other washers of the same type, an electric 
motor drives the inner unit. The rotation and water spray 
is utilized in all washers of this type to keep the prints 
separated and agitated. A siphon controls the water level 
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Figure 9-14.—A circular rotary print washer. 
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Figure 9-15.—The Pakolux print wosher. 
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and insures a constant change of water. The larger washers 
of this type are especially suitable for washing large prints. 

One other class of mechanical print washers consists of 
a tub-like tank and a perforated cylindrical drum which re- 
volves in the tank. Fresh water is circulated in the tank 
and through the drum by an inlet and an overflow outlet. 
The drum, which holds and agitates the prints, can be raised 
from or lowered in the tank by a foot pedal and lever ar- 
rangement. The power for rotating the drum is supplied by 
an electric motor through a system of reduction pulleys and 
rollers. The complete unit is supported by a frame and 
four legs as shown in figure 9-15. The drum has a locking 
hinged door for convenient loading and unloading prints. 
For detailed operating and preventive maintenance instruc- 
tions see T. O. 10-25F-9 and —-10. 


Drying 


When washing is complete, the prints may be dried by any 
convenient means, depending upon the type of paper and 
the available means for drying. However, when using 
glossy surface papers, the photographs will not have a pleas- 
ing appearance unless they are dried in close contact with a 
highly polished surface. The equipment for drying glossy 
prints is usually a metal plate or drum with a chromium 
plated surface, which is made especially for drying high-gloss 
pictures. Prints may be dried in blotter rolls, on drying 
racks, on ferrotype plates, and on mechanical apron or 
conveyer belt dryers. 

DryiInG rAcKs.—A drying rack consists of a stand with 
grooves for holding a number of stretchers. These stretchers 
or leaves may be wooden or metal frames, across which a 
mesh cloth, usually cheesecloth, is stretched. The frames are 
supported by the drying rack in a horizontal position, one 
above the other, and can be withdrawn for convenience in 
loading the prints on the stretchers. Drying prints on 
racks will not change the image tones nor produce dimen- 
sional changes due to stretching. Before placing the prints 
on the stretchers all the surplus water should be removed by 
draining and by blotting. Matte surface prints should be 
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placed on the stretchers emulsion side down. But never 
dry a glossy surfaced print emulsion down on either a blotter 
or a drying rack, because parts of the blotter or lint from the 
stretcher covers will stick to the emulsion and the prints 
will have to be rewashed. 

The prints should be well drained or rolled between sheets 
of blotting paper and then laid emulsion down on the drying 
frames. After the prints are partly dried, they should be 
covered with sheets of blotting paper, or some other light- 
weight material which will exert a slight pressure evenly all 
over the back of all the prints. The remaining drying time 
will then result in flattening the prints evenly and com- 
pletely. If this pressure is not applied during drying, the 
prints will curl along their edges and require flattening later. 

The drying time will depend on the circulation and 
humidity of the air as well as the weight of the paper used for 
the prints. Place the covering over the backs of the prints 
on the drying rack when they begin to curl, which will be 
about one-third of the total drying time. 

All prints, both glossy and matte surface, should be placed 
in even stacks after drying and a weight should be placed on 
top of each stack. This procedure will insure flat prints 
for handling and sorting. 

FERROTYPING.—-Ferrotyping is a process for producing high 
gloss on prints. Only prints on paper having a glossy surface 
can be ferrotyped. The principle of ferrotyping is: When the 
emulsion side of a wet print is pressed into close contact with 
a smooth surface, the gelatin of the emulsion is compressed 
in drying, causing an increase in the gloss of the print. A 
ferrotype plate, sometimes called ferrotype tins, is made of 
metal and has a highly polished chromium plated surface. 
These plates should be handled with extreme care to avoid 
scratches. They should be stored in grooves in a cabinet and 
never allowed to touch each other or any hard surface. 
Whenever ferrotype plates appear dirty, they should be 
washed in warm water with a mild soap. If the plates are 
neglected, the dried prints will stick firmly, and prolonged 
soaking in water will be necessary to remove them. 

As arule, prints to be ferrotyped are treated in a softening 
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bath before they are placed on the ferrotype plates. This 
treatment causes the prints to have a higher gloss and makes 
them more pliable. The softening bath solution is made by 
adding one (1) part glycerin to ten (10) parts of water. The 
prints should be left in the bath for at least 5 minutes. 
The prints are not rinsed after being treated, but are drained 
and placed immediately on the ferrotype plates of the me- 
chanical glossy print dryer. Carbinol acetate (diethylene) 
may be used as a substitute for glycerin in the softening 
bath. The proportion used is the same as for glycerin and 
the solution is used in the same manner. 

When the prints are ready for ferrotyping, dip the plate 
into water to remove any lint or dust. Drain the plate, place 
it flat on a table or workbench, and lay the prints emulsion 
side down on the polished surface. Lay a blotter over the 
print and use a print roller to secure complete contact between 
the print and the plate. The emulsion must be in perfect 
contact to produce a uniform glossy surface. If a quantity 
of prints are to be ferrotyped, the plates can be run through 
a wringer, thus making the use of blotters unnecessary. In 
passing the plates through the wringer, care must be taken 
to see that the rollers do not wrinkle the prints. The plate 
is then set in a suitable place to dry the prints, preferably 
in a drying cabinet. If the dried ferrotyped prints have any 
tendency to curl, dampen the back of every other print as 
they are stacked back to back, and place the stack of prints 
under pressure. Note: Never stack prints having different 
sizes together in the same stack when using the above method 
for straightening curled prints. 

MECHANICAL MATTE DRYERS.—A machine matte dryer 
consists of a drum over which a wide endless cloth belt or 
apron travels. (See fig. 9-16.) The drum is motor driven 
and the types used by service photo units are usually heated 
by electricity. The rate that prints dry is regulated by the 
temperature of the drum and the speed at which the drum 
rotates. The drum temperature is controlled by a thermo- 
stat, while the drum rotating speed is regulated with a vari- 
able speed motor and a speed reduction system. The prints 
are held in contact with the drum by means of the endless 
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Figure 9-16.—A matte print dryer. 


belt and are dried during one revolution of the drum. When 
the prints which are to have a MATTE SURFACE FINISH are 
ready for drying, drain the surplus water from them, and 
place them EMULSION SIDE DOWN On the table or apron por- 
tion of the belt. Do not allow water to drip onto the apron 
from the stack of washed prints being fed into the dryer. 
The prints should be properly dried when passed once through 
the dryer. The dry prints will fall into the print tray after 
completing the drying cycle. 

These mechanical dryers are very efficient and operate 
satisfactorily, when used as directed by their instruction 
manuals. Specific operating and preventive maintenance 
instructions for one dryer of this type are contained in T. O. 
10-25G-1. 

MECHANICAL GLOSSY PRINT DRYERS.—Service photo units 
are also provided several models of machine dryers which 
will dry prints to a ferrotyped or glossy finish. Glossy print 
dryers are equipped with a wide conveyer belt which carries 
the prints around a chromium plated, highly-polished, heated, 
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Figure 9-17.—A glossy print dryer. | 


slowly-revolving drum. A dryer of this type, which is very 
similar to the matte dryer discussed above, is shown in figure 


9-17. The washed prints are placed on the table or apron: 


portion of the conveyer belt EMULSION SIDE uP. The belt 
carries the prints between the polished drum and a rubber 
squeegee roller. The pressures of the drum and the roller 
squeezes the surplus water off the prints and rolls them into 
smooth contact with the polished surface of the drum. The 
cloth belt holds the prints in firm contact with the revolving 
drum. The speed and temperature of the drum can be regu- 
lated so the prints will be completely dried with one cycle 
of the drver. When the prints have traveled one revolution 
around the drum, they fall off the drum into the print tray. 
Machine ferrotype dryers have a capacity for drying many 
prints per hour. Good results can be obtained when the 
emulsions of prints are properly conditioned, and if the drum 
is kept clean and well polished. The emulsion of glossy 
prints is conditioned by treating the prints in the softening 
bath described earlier, or in the commercial gloss solutions 
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usually supplied. When using any of the gloss solutions, 
follow closely the directions on the container of the solution 
in use. Sometimes prints that are dried glossy will have 
drying marks, which are termed OYSTER SHELL markings. 
These marks are caused bx uneven drying. Hence, the 
dryer should be operated so the prints are dried slowly and 
completely with one revolution of the drum to prevent 
drying marks and reduce curling and wrinkling. 

The polished surface of the drum should be cleaned 
periodically with a mild soap and hot watcr to remove any 
gelatin, residue, or dirt which may have collected. Then 
wipe the surface thoroughly dry and repolish the drum with 
a soft cloth. 

Prints having surfaces other than glossy should be dried 
with no pressure applied to the emulsion against any glossy 
surface. The machine matte dryers are satisfactory when 
used as directed in their operating instruction manuals. 
But units which do not have these dryers must arrange for 
drying matte prints by rolling them between blotters with 
a print roller and placing them emulsion down on sheets of 
dry blotting paper, or on sheets of cloth held on a frame. 


Sorting and Captioning 


As soon as the prints are dried, examine them closely for 
defects or other unsatisfactory qualities. If any need 
trimming to even the borders or remove frayed edges, it 
should be done at this time. Prints are trimmed to obtain 
clean-cut edges, make width of borders uniform and reduce 
prints to desired size. Small prints are trimmed to make 
the width of the white margins equal on all sides. The 
margins may vary in width from % to } inch, according to 
the size of the print. For example, the usual %-inch border 
of an 8 x 10 inch print may be trimmed to \% inch. Jn the 
case of large prints, however, the borders may be uneven for 
artistic effect. A large print may be trimmed with equal 
width borders at the sides, the top border shghtly larger than 
the sides, and with the bottom border the widest of all. 

Sort all prints into groups according to the job orders and 
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the negatives to insure that enough good quality prints are 
available to complete the order. Negatives that need addi- 
tional prints or reprints should be sent back to the printing 
rooms. The finishing room crew should understand their 
responsibility to make sure that only good quality prints are 
placed with job orders for delivery to requesting activities. 
However, for the most part, the photo lab will be able to 
deliver the best quality prints as normal routine by closely 
following the established laboratory procedures. 


Each print made by Navy photo units must be clearly 
marked on the back with the FILE NUMBER OF THE NEGATIVE 
and with the complete captioning information listed on the 
front of each negative preserver. In this way additional 
prints can be obtained without delay, and all prints from 
each negative will have complete information regarding the 
subject matter of the photograph. Furthermore, each print 
must also bear all data relative to SECURITY INFORMATION, 
CREDIT LINES, and RELEASED MATERIAL. This information 
is contained in chapter 7 of the Manual of Naval Photography 
(OpNav Instruction 3150.6A) and in chapter 11 of the 
Security Manual for Classified Matter (OpNav Instruction 
5510.1), which is also included in the Manual of Naval 
Photography. 


One other precaution when captioning and marking 
prints—use a pen or soft pencil and apply only enough 
pressure to make the writing legible. Heavy writing pres- 
sure, or typing directly on a print, will produce raised marks 
on the emulsion side. If a numbering machine and rubber 
stamps are used, make sure the stamping is done on a smooth 
surface. The caption may be applied to prints by any one 
of a number of transfer or duplicating systems, such as 
mimeograph stencil, and ditto. When stacking the stamped 
prints, stack them emulsion to emulsion to prevent WET INK 
from being transferred onto the image side. 


When all the prints required by a job order have been 
captioned and passed by the final finishing inspection, 
deliver them with the negatives and work crder to the job 
order desk. 
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Rejected prints from classified negatives must be DISPOSED 
OF BY BURNING in an Official incinerator. Rejected prints 
from negatives which have no security classification may be 
disposed of with all other worthless waste and rubbish. 


QUIZ 


1. In making a normal contact print, the printing time varies as the 
negative size varies 

. hegative contrast varies 

negative density varies 

. thickness of the paper base varies 


Ree 


2. Prolonged development of a print will cause 
a. too much contrast 
b. too little contrast 
c. a pale appearance 
d. stains 


3. One of the most important things on which the permanence of a 
print depends is correct 
a. exposure time 
b. development 
c. time in short stop 
d. time in wash 


4. Prolonged fixing results in a print which is 
a. contrasty 
b. bleached 
c. stained 
d. muddy and flat 


5. Double-weight matte prints should be fixed in fresh hypo for 
approximately 
a. 15 minutes 
b. 30 minutes 
c. 40 minutes 
d. 5 minutes 


6. The correct manner of placing data on the back side of prints is to 
a. type the data on the print 
b. type the data on a separate sheet of paper and paste or fasten 
to the print 
write the data w th a pencil 
. lightly print the data on the back of the print with pen or 
soft pencil 
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10. 


1]. 


12. 


13. 


. Selective printing of various areas of the same negative is known as 


a. dodging 

b. overprinting 
c. stopping down 
d. focusing 


. One advantage of the diffusion type enlarger is that 


negative flaws are more prominent 
. they conceal many negative flaws 
c. it will render a sharper image 

d. it will render greater contrast 


os 


. The primary purpose for using a small aperture on the lens of an 


enlarger is to 
a. increase the detail in the print 
b. decrease grain in the print 
c. increase contrast 
d. control] time of exposure 


The ________. will determine the classification for each officia 
U. S. Navy photograph. 
a. commanding officer 
b. photographer 
c. photographic officer 
d. originator 


The safelight generally preferred with most printing paper because 
of its high safety factor and the good working light it affords is the 


a. Series #1 (light red) 

b. Series #00 (yellow) 

c. Series #0 (orange red) 

d. Series #0A (Greenish yellow) 


In contact printing, the negative is placed on the printer glass 
emulsion side 

a. up and facing the emulsion of the paper 

b. up and on top of the printing paper 

c. down and underneath the printing paper 

d. down and on top of the paper 


The red filter on the Omega D-II enlarger is used primarily to 
. prevent fogging on paper 

. Stop down the lens 

. expose the print 

. focus the negative 


Q2ore 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


When making a 2X enlargement on an Omega D-5 enlarger, ex- 
posure is 2 seconds at f/11. If this is increased to a 4X enlargement, 
the exposure at f/8 will be 


a. 2 seconds 
b. 4 seconds 
c. 6 seconds 
d. 8 seconds 


The proper method to correct for lack of detail in highlights of a 
print is called 

a. cropping 

b. masking out 

ce. burning in 

d. dodging out 


When making an enlargement from a negative that has rendered 
a good print on No. 2 contact paper, it will probably render the 
best enlargement on No. _—— paper. 


a. 4 
b. 3 
c. 2 
d. 1 


Contrast in a photographic paper 
a. can be largely controlled by changing the developing time 
b. is inherent in the emulsion 
c. can be largely controlled by altering the exposure time 
d. cannot be altered, even to a limited degree, by any method 


In a photographic print, the light reflectance of the developed silver 
deposit is referred to as 


a. exposure range 
b. density range 

c. reflection density 
d. tonal range 


A print that appears flat in tone has probably been 


&. overexposed and normally developed 
b. underexposed and overdeveloped 

c. overexposed and underdeveloped 

d. underexposed and underdeveloped 


The temperature of developers for prints should not vary much 
from degrees for best results. 


a. 70 
b. 75 
c. 65 
d. 60 
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CHAPTER 





EXPOSURE CONTROL AND EXPOSURE METERS 
THEORY OF EXPOSURE 


The emulsion of photographic negative making materials 
is coated evenly on a transparent support, such as glass or 
the much more practical thin film of cellulose acetate or other 
cellulose esters. Silver halides have been thoroughly mixed 
into the emulsion to make it sensitive to light. It is char- 
acteristic of the silver halides, when acted upon by light, 
to undergo some form of alteration which permits them to 
be converted into black metallic silver during the process 
of development. 

What actually occurs to the physical structure of the 
silver halides when exposed to light is not fully known. 
Exposure does produce a latent image in the emulsion, but 
the exact physics of why or how this occurs is not important. 
It is sufficient to know that silver halides which have been 
acted upon by light are altered in such a way that they are 
converted to metallic silver in the process of development; 
while those which have not been acted upon remain unaf- 
fected. Exposurg, then, is the process of altering the silver 
halide grains by the photochemical action of light to pro- 
duce a latent image in the emulsion. 

A minimum amount of light, however, is required to effect 
the change in the grains of the silver halide and form a latent 
image. This minimum amount of light will alter only a 
few of the grains near the surface of the emulsion and will 
produce a barely perceptible silver deposit upon develop- 
ment. This is called the THRESHOLD of exposure. If less 
than this minimum amount of light reaches the emulsion, 
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the silver halides will not be affected, and consequently 
they cannot be changed into metallic silver by development. 
As the quantity of light acting upon the emulsion increases 
above the minimum necessary to produce a change in the 
grains near the surface, it penetrates deeper into the emulsion 
to expose additional grains, and also makes them subject to 
development into metallic silver. Consequently, the thick- 
ness or density of the silver deposit in the negative is in- 
creased when the amount of exposure is increased. 

The term ExPosuRE denotes the amount of light which is 
permitted to act upon a photographic emulsion. A light of 
high intensity may be permitted to act for a short time or 
one of lesser intensity for a greater time; yet both exposures 
will produce the same photographic effect on the film. The 
exposure formula then, which applies to all practical work, 
is 


Exposure= Intensity X Time. 


Intensity in this case refers to the brightness of the image 
on the film and depends on the camera settings in conjunc- 
tion with the brightnesses reflected from the subject. Time 
is the duration the shutter is allowed to remain open to per- 
mit light to reach the film. 

A practical demonstration of the exposure formula can 
be made by exposing three sheets of film to the same scene. 
For example, if the normal exposure is 1/100 second at f/16, 
make one exposure at this setting. Then expose another 
film 1/50 second at f/22 and the third one 1/25 second at f/32. 
Develop all three films exactly the same amount of time. 
All the negatives will have the same density since they have 
all had the same amount of exposure. In this demonstration 
the exposure has remained constant while both intensity 
and time have been varied. Each time the intensity was 
reduced by one-half, the time was doubled to keep the ex- 
posure constant. If three exposures were made with in- 
tensity remaining constant at f/16 while time was varied 
by 1/100, 1/50, and 1/25 second, the negatives would vary 
considerably in density. In this case the exposure would 
not remain constant since 1/50 second allows two times and 
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1/25 second four times as much light action on the film as 
the 1/100 second exposure. 

When a negative is exposed to a scene, the areas in the 
subject which are light will produce dark or dense areas in 
the negative. Dark portions of the subject will be repre- 
sented as light or clear areas in the negative. Clear areas 
of the negative indicate the presence of a very small deposit 
of metallic silver, while dense areas indicate a heavy deposit. 

Intermediate tones in the subject from hght to dark will 
produce densities in the negative in proportion to their 
degree of brightness or intensity. When the negative is 
viewed by transmitted light, the clear areas of the negative 
will pass almost all of the incident light. Denser areas of 
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CROSS SECTION OF NEGATIVE 


Figure 10-1.—Depth and density of the silver deposit in the negative is 
proportional to the brightness in the scene. 
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the negative will stop a considerable amount of the light, 
and the densest areas may prevent any of the incident light 
from being transmitted. These varying degrees of density 
‘in the negative correspond to the varying brightnesses in 
the subject as illustrated in figures 1-1 and 1-2 of chapter 1 
and in figure 10-1. The relationship of the densities in the 
negative is proportional to the intensity or brightness of the 
various tones in the subject. 


FACTORS GOVERNING EXPOSURE 


One of the most confusing problems to the new photogra- 
pher is determining the correct exposure for negative making 
materials. There are so many different factors which must 
be taken into consideration that it is difficult to remember 
them all and decide just what bearing they have on the 
exposure. Three major factors which have a definite bear- 
ing On camera settings for EVERY exposure are: 

1. Light conditions. 

2. Subject reflectance. 

3. Type of film. 

While these three factors must be considered in determining 
every exposure, one additional factor of major importance 
in a very large number of cases is the EFFECTIVE APERTURE 
OF THE LENS. 

Within each of the factors listed above are numerous 
minor related factors which must be taken into account in 
determining exactly the correct exposure for a scene. Al- 
though it may appear that a considerable amount of calcu- 
lation is required for every exposure, such is not the case. 
Through experience we learn to mentally evaluate the effect 
of each factor and very quickly determine the exposure. 
Each factor will be discussed in turn to explain its effect on 
the formation of the latent image. 


Light Conditions 


Light conditions are concerned primarily with the color, 
intensity, and direction of the illumination falling on the 
subject. Nearly all photographic materials, even panchro- 
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matic, are most sensitive to the shorter wavelengths of light; 
that is, the blue end of the spectrum. This can be demon- | 
trated by photographing on panchromatic film a blue and a 
red object illuminated by white light in which the colors of 
both objects are equally bright. The blue object will require 
less exposure to produce a given density on the film. How- 
ever, if a light source is used which is somewhat red in color, 
the red object will require less exposure than the blue one. 
Orthonon, or colorblind, and orthochromatic film would not 
produce any density in the image of the red object since 
they are insensitive to wavelengths of red light. However, 
the blue object would photograph with either of these two 
films, but would produce a far greater density with white 
light, all other factors remaining the same. White light 
contains a high percentage of the blue wavelengths, whereas 
a predominantly red light contains a much smaller percentage 
of blue light. | 

CoLor OF ILLUMINATION.—Color of the illumination falling 
on the subject, then, must be considered in determining the 
exposure for all types of film, but is least important with 
panchromatic materials. Although we generally think of 
sunlight as white light, it actually varies considerably in 
color near sunrise and sunset. Sunlight at midday is‘ com- 
posed of approximately equal parts of all colors of the visible 
spectrum, producing a true white light of great intensity. 
Near sunrise and sunset the intensity is somewhat less, but 
the important thing is that the color of the light is different. 
Although there is a decrease in the intensity of all wave- 
lengths, there is a much greater decrease, proportionally, 
in the blue region of the spectrum. This means that near 
sunrise and sunset the exposure must be increased not only 
because of the decrease of general illumination but also be- 
cause of the proportionally greater decrease of blue light to 
which the film is most sensitive. 

The amount by which the exposure must be increased 
varies according to the time of day. If the diaphragm setting 
for a normal exposure with panchromatic materials at 1200 
was f/16, the exposure would have to be increased from one- 
half to a full stop or f/11 at 0900 or 1500. When taking 
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pictures as much as five hours before or after 1200, the ex- 
posure should be increased one and one-half to two full stops 
or f/8 to compensate for the lower level of illumination and 
the deficiency of blue in the light. If orthochromatic ma- 
terials are used under the same conditions, the exposure 
compensation must be even greater because they are not 
sensitive to the red wavelengths of light. When using 
orthochromatic materials within two and one-half hours of 
sunrise or sunset, the diaphragm should be opened from three 
to four full stops more than would be required for a normal 
exposure at noon. In other words, the exposure must be 
increased eight to sixteen times over the basic or normal 
exposure at noon to compensate for the deficiency of blue 
in the early morning and late afternoon light and the lower 
level of illumination. 

CoLOR AND INTENSITY.—While the intensity of daylight 
varies throughout the day when the sky is clear, other 
conditions of the sky have a greater effect on intensity, as 
it pertains to exposure. Much more time is required to 
make a normal exposure on a dull cloudy day than in bright 
sunlight, all other conditions remaining the same. For 
photographic application, sky conditions of daylight can 
be placed in five categories. An example of each condition 
is shown in figure 10-2. 

Bright sunlight in a clear sky is the condition under 
which most basic exposure recommendations are made. 
The light is most intense and produces brilliant highlights 
and deep black shadows. A scene will have its greatest 
contrast from highlights to shadows under this condition. 
Assume for the time being that the normal or basic exposure 
for bright sunlight is 1/100 of a second at f/22. 

Hazy suNLIGHT is slightly lower in intensity than bright 
sunlight. It is somewhat diffused and generally reduces the 
contrast of a scene by scattering light into the shadows and 
reducing the brightness of the highlights. The sun is just 
visible through a heavy haze or a thin layer of clouds or fog. 
Light shadows are cast, but contain considerable detail since 
they are not a deep black due to the light being scattered 
into them. To produce the same density in a negative as 
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Figure 10-2.—The basle exposure must be Increased as the light Intensity 
decreases with darkening sky conditions. 


was obtained with the basic exposure under conditions of 
bright sunlight (1/100 of a second at f/22), the exposure 
should be increased approximately two times. This com- 
pensation can be made by opening the diaphragm to f/16 
or setting the shutter to remain open for 1/50 of a second. 

CLOUDY BRIGHT conditions reduce the intensity of light 
considerably below that of bright sunlight. Under this 
condition, the sun is completely obscured by a solid layer of 
relatively thin clouds. The light is completely diffused and 
very little trace of a shadow can be seen. Although the 
light is sufficiently intense for making pictures under this 
condition, the contrast in the subject is so low that it appears 
flat, low in contrast, and generally uninteresting. Photo- 
graphs made under this condition will not have the brilliance 
and sparkle of those made in bright sunlight. This type of 
lighting is ideal, however, for certain subjects where maxi- 
mum detail is desired throughout all the tones in the scene. 
The intensity of daylight illumination under this condition is 
reduced to such an extent that the exposure must be in- 
creased two to four times more than the basic exposure for 
bright sunlight to produce the same density in the negative. 
Changing the diaphragm setting to f/11 or the shutter time 
to 1/25 of a second will compensate for the lowered light 
intensity. The same negative density can also be obtained 
by changing both the shutter and diaphragm settings to 1/50 
of a second at f/16, respectively. 

CLoupy DULL skies result when the layer of clouds is quite 
thick and no trace of the sun can be seen. The light is very 
soft and weak with no evidence of shadows being formed. 
Photographically, the only difference between this and the 
cloudy bright condition is the LOWER INTENSITY of illumina- 
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tion. This condition may require as much as eight times the 
basic exposure for bright sunlight; that is, a diaphragm 
setting of f/8 or a shutter speed of 1/10 of a second. Of 
course, other combinations of shutter and diaphragm settings 
will produce the same negative density, such as 1/50 of a 
second at f/11 or 1/25 of a second at f/16. 

CLoupDy DARK conditions may be encountered during early 
morning or late afternoon hours or under very dark clouds as 
when a storm is approaching. Due to the extremely low 
lighting contrast, pictures made under this condition are 
almost certain to be flat and uninteresting. The intensity of 
illumination is so low that the exposure must be increased as 
much as sixteen times over the basic exposure for bright sun- 
light or 1/100 of a second at f/5.6. Other shutter and 
diaphragm combinations which will produce the same nega- 
tive density, are: 1/50 at f/8, 1/25 at f/11, 1/10 at f/16, and 
1/5 at £{/22. Although 1/10 of a second is more than double 
the duration of 1/25, nearly all camera shutters are marked 
in these increments of time. The very slight additional 
exposure which results does not produce sufficient additional 
density in the negative to be apparent to the eye. 

DIRECTION OF ILLUMINATION.—The third factor under 
light conditions which has a pronounced effect on exposure 
is the direction from which the illumination falls on the sub- 
ject in relation to the direction the camera is pointed. 
Although the intensity of illumination remains constant, the 
intensity of light reflected from the subject’ toward the 
camera varies considerably according to the direction from 
which the light strikes the subject. 

The subject appears brightest and reflects the most light 
into the camera when the source of illumination is behind 
the camera. This produces front or FLAT LIGHTING and is 
almost completely devoid of shadows. When the source of 
illumination is at a right angle with the axis of the lens, the 
subject is SIDE LIGHTED, creating more shadows than with 
front lighting. If the camera is pointed in the general 
direction of the source of illumination, the subject is Back 
LIGHTED and nearly all of the subject as presented to the 
camera is in shadow. 
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Usually the most desirable lighting results when the source 
of illumination is somewhat behind and to either side of the 
camera so that the light rays intersect the axis of the lens at 
an angle of approximately 45 degrees. Naturally there is 
less light reflected from the shadow areas of the subject than 
from the highlights. Consequently, as the amount of shadow 
area presented to the camera increases, in proportion to the 
highlights, the exposure must be increased to compensate for 
less light actually reaching the film. 

The amount by which the exposure must be increased in 
each situation depends on the particular effect desired and 
whether the light is intense and harsh or soft and diffused. 
When the light is soft and diffused, as would be the case 
under a cloudy dull sky, no increase in exposure is necessary 
over the normal exposure for this condition. If the lighting 
is intense and harsh as in bright sunlight, the diaphragm ~ 
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Figure 10-3.—The basic exposure is increased to record shadow detail in 
side-lighted or back-lighted subjects in bright sunlight. 
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should be opened one f/stop for side lighting and two f/stops 
for back lighting over the basic exposure for this condition 
with front lighting. (See fig. 10-3.) 

Changing the basic exposure as shown in figure 10-3 will 
provide adequate exposure to record detail in the shadow 
areas. If, however, a dramatic lighting effect is desired with 
no regard for shadow detail, the exposure need not be in- 
creased with side lighting under a bright sun; and the dia- 
phragm should be opened only one f/stop with backlighting 
over the basic exposure. On occasions where it is desired to 
produce a silhouette effect, back lighting is used on the sub- 
ject. Instead of opening the diaphragm to obtain detail in 
the shadows because of back lighting, the diaphragm is 
closed down from one to one and one-half f/stops smaller 
than required for a basic exposure with front lighting under 
the same condition. 


Subject Reflectance 


Subject reflectance is concerned with the quantity and 
color of light which is reflected from the subject into the lens 
of the camera. Not all of the light which falls on the surface 
of a subject is reflected. For example, a piece of black 
velvet beside a piece of white cotton each receives the same 
amount of light, but there is no doubt as to which one ap- 
pears the brighter and reflects the most light. The cotton 
may reflect as much as 85 percent of the incident light while 
the velvet reflects perhaps 2 percent. A similar difference 
in reflectivity exists between a white and blue uniform. 

Laicut supsEcts.—A smooth glossy surface is nondiffusing 
and will reflect a large percentage of light from the subject 
at an angle equal to the angle of incidence, while a rough 
textured surface diffuses the light and scatters it in many 
directions. Bright objects of high reflectance will produce 
much more light at the camera lens from the same source of 
illumination than will dark objects of low reflectance. 
Most of the white light falling on a brilliant white surface is 
reflected. | 

Dark suBJEcTS.—With darker surfaces, part of the light 
is absorbed and the object appears gray instead of white. 


403 


As the amount of light absorbed increases, the objects will 
appear a progressively darker gray until finally appearing as 
black and reflecting little or no incident light. So long as the 
surface absorbs all wavelengths of light equally, the reflected 
light will have no apparent color and the object will appear 
some shade of neutral gray between white and black, de- 
pending on the total amount of reflection. However, if a 
certain wavelength is absorbed more than the others, the 
surface takes on the color of those wavelengths which are 
least absorbed and no longer appears a neutral gray. Thus 
we see that in considering the reflectance of light from a 
subject, we are not only concerned with the visual brightness 
o. quantity of light but also the color of light which is re- 
flected. The quantity and color of light reaching the film 
are the two most important factors to consider in determining 
the photographic exposure. 

SUBJECT cOLOR.—A white light source contains approxi- 
mately equal amounts of all wavelengths of the visible 
spectrum. Since panchromatic materials are sensitive to 
all these wavelengths, each individual color adds its share to 
the total effect of producing a latent image in the emulsion. 
A white object photographed with white light will reflect 
much of the light into the lens, requiring a relatively short 
exposure to produce a given density in the negative. On the 
other hand, a colored object will reflect only a part of the 
white light which makes up its own color and absorbs the 
other colors of the spectrum. 

Since the absorbed wavelengths of light never reach the 
film, they do not share in the effect of producing a latent 
image. Consequently, a portion of the original quantity of 
light has been lost by absorption, and the exposure must be 
increased in order to produce the same density in the negative 
as resulted with white light. Figure 10-4 illustrates the re- 
sults of photographing a red and a white object with white 
light. The white object reflects a high percentage of each 
of the three primaries—red, green, and blue—which make up 
white light. The red object reflects only red and absorbs 
the blue and green wavelengths, thus producing less density 
in the negative for an exposure of the same duration. 
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Figure 10-—4.—Density of the negative is reduced in proportion to the amount 
of incident light lost by absorption. 


Similarly, for objects having the same apparent visual 
brightness of reflection, the greatest density will be produced 
in the negative by the color to which the emulsion is most 
sensitive. In nearly all photographic materials, this is the 
blue end of the spectrum. For example, a red and blue 
object photographed with white light will produce a greater 
density in the image of the blue object even though both 
colors appear equally bright visually. This is particularly 
true when using colorblind and orthochromatic materials, 
but is less apparent with panchromatic film due to its in- 
creased sensitivity to red wavelengths of light. 

CoLoRED LicHT.—The color of light reflected from the 
subject is not only dependent on the color of the subject but 
also on the color of the source of illumination. A white ob- 
ject illuminated by red light can only reflect red light, thereby 
appearing red both visually and photographically. How- 
ever, a blue object illuminated by red light will reflect little 
or no light to the film since it is capable of reflecting only 
blue light. The red light is absorbed and the blue object 
will appear black both visually and photographically. 
Under. such conditions regardless of the quantity of light on 
the subject, it will still appear black and will not photograph 
successfully regardless of the length of exposure. 

Thus, we see that the quantity of light reflected from a 
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subject depends not only on the intensity of illumination on 
the subject but also on the power of the subject to reflect 
light. There are brilliant whites and neutral grays extend- 
ing all the way to dull blacks, each tone appearing less 
bright and having a different reflecting power. Similarly 
the color of light reflected from the subject depends on the 
color of the subject and the color of the source of illumina- 
tion. There are so many variations of these two factors that 
it is difficult to classify them as was done under sky condi- 
tions and give the exposure compensation required for each 
situation. NEUTRAL GRAY is simply a relative term and has 
no more fixed value than LIGHT RED because there are an 
infinite number of shades of gray between black and white. 

The foregoing discussion has been presented from the 
standpoint of obtaining the same amount of density in a 
negative regardless of the color or quantity of light reflected 
from the subject. On this basis, the exposure would have to 
be of greater duration to produce the same negative density 
when photographing a red or gray object than would be 
necessary for a brilliant white one, all other factors remaining 
the same. Fortunately for the photographer, we are not 
concerned with producing one certain density throughout 
every negative. Such a negative would contain no detail 
and would produce a print of one solid tone throughout. 
The nearest approach to this is when photographing an object 
which has, for all practical purposes, only one tone or degree 
of reflectance, such as a piece of cloth or the side of a building. 
In such cases, the exposure should be determined very care- 
fully according to the light reflected from the subject. 

SUBJECT REFLECTANCE AND NEGATIVE DENSITY.—Instead 
of one single density, nearly all negatives will have a great 
many different densities, ranging from almost clear film to 
a very dense deposit of silver. (See fig. 10-1.) Each differ- 
ent degree of density in the negative represents a different 
degree of reflectance from some part of the subject. The 
average scene is composed of many shades of gray from white 
to black and colors ranging from the faintest suggestion of a 
color to colors of great brilliance. 

When a negative is made of any scene, it theoretically 
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records all the tones or brightnesses as varying degrees of 
density. A print made from such a negative should repre- 
sent the subject as seen by the eye, reproducing each shade 
or tone from the lightest to the darkest in the same relative 
degree of brightness. 

While the eye observes a scene in its true colors, the photo- 
graphic process usually records colors in various shades of 
gray from black to white. That portion of the scene which 
appears brightest to the eye should be reproduced as the 
lightest part of the print and the dullest part of the scene 
should appear darkest on the print. Whether or not the 
subject is faithfully reproduced depends on the recording of 
various subject brightnesses as varying densities in the 
negative in the same relative degree. 

For the average outdoor scene, then, which consists of 
many degrees of brightness, we are not concerned with the 
exposure necessary to produce a particular density in any 
one part of the scene, but the exposure for the scene as a whole 
to produce general negative density. Those parts of the 
scene which appear brightest to the eye will produce the 
greatest density in the negative and the darkest parts will 
produce the least density. 

The print will then reproduce these brightnesses in shades 
of gray from white to black in the same relative degree of 
intensity as seen by the eye. That part of the subject 
which appeared bright to the eye will appear bright on the 
print, and the dull parts of the subject will appear dull on 
the print. Consequently, in determining the exposure for 
the average scene, it is only necessary to consider its general 
appearance of lightness or darkness. 

If the scene appears average, that is, an equal distribution 
of light and dark reflecting surfaces, use the basic exposure. 
When there is an abundance of bright reflections in the scene, 
such as from a white sandy beach, close the diaphragm at 
least one full f/stop. However, if a scene has a generally 
dark appearance because of numerous large areas of low 
reflectance, open the diaphragm one full f/stop. 

When making a photograph of one principal object, such 
as a building, both the quantity and color of reflected light 
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must be taken into consideration. For example, a red brick 
building will not only reflect much less light than a white 
one of the same size, but the color of the reflected light will 
be red and will have less effect on exposing the film. Under 
such conditions, opening the diaphragm one full stop may 
not provide sufficient exposure even with panchromatic 
film. Orthochromatic film is not recommended for photo- 
graphing a predominately red-colored object. 


Film 

The type of film has been mentioned several times in the 
discussion of factors governing exposure. In each instance 
the reference pertained to the spectral sensitivity of the 
film; that is, its response to various colors of the spectrum 
which were reflected from the subject. Chapter 5 explained 
in detail the sensitivity of various types of film (panchro- 
matic, orthochromatic, and monochromatic or colorblind) 
to certain wavelengths of light and its degree of sensitivity 
or speed. This background is sufficient to understand the 
importance of knowing the type or spectral sensitivity and 
the speed rating of negative materials in order to determine 
the exposure required to produce a given density in the film. 

SPEED RATINGS.—Film speed is indicated by a numerical 
rating, such as 25, 50, 100, etc., which has been determined 
by the manufacturer. A film with a speed rating of 100 1s 
twice as fast as one of 50; that is, it will require only half 
as much exposure to produce the same amount of density, all 
other factors remaining the same. When shifting from one 
manufacturer’s product to another, some slight difference in 
density may be obtained in films having the same numerical 
rating and receiving identical amounts of exposure. This is 
due to a variation in the methods employed by different 
manufacturers in determining the speed rating of their prod- 
uct. 

Other factors which may affect the actual speed of film 
in relation to the density obtained are age of the film, storage 
conditions, and processing. Age and poor storage condi- 
tions result in a loss of speed. Speed ratings are determined 
under specific processing conditions as to the degree of 
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developing in a particular solution. Therefore, if the manu- | 
facturer’s recommendations for processing are not followed, 
the film may appear to have more or less speed than is ex- 
pected by its rating. Making a few test exposures is the 
best way to ascertain the performance which can be expected 
of film of uncertain speed. 

In past years there has been a great amount of confusion 
due to the numerous systems of rating film speeds. Each 
manufacturer determined the speed of his product according 
to his own methods and assigned a numerical rating. As a 
result, different films having the same numerical rating re- 
quired great differences in exposure to produce the same 
density in the negatives. Now the trend is toward a 
single, unified system known as the American Standards 
Association (ASA) system. The major American manu- 
facturer as well as principal European film manufacturers 
have adopted this system. This system has also been 
adopted for all films used by the Navy. With this method 
of determining film speed an EXPOSURE INDEX is assigned, 
and this numerical rating will have the same value as far as 
exposure is concerned regardless of the type or brand of 
film. 

The manufacturers of the Weston exposure meter use the 
only other system of film speed rating in common use in this 
country. It is slightly different from the ASA system in 
that different criteria are used by which to rate the speed 
of the film. However, the difference between Weston film 
speeds and ASA exposure indexes is so small that there is no 
practical difference in negative quality. 

The exposure index indicated on each package of film, 
is to be used with exposure meters or any other methods used 
in determining exposure. In cases where a slight difference 
exists between the exposure index and previously recom- 
mended settings for the Weston and General Electric meters, 
the difference can be ignored as of no practical significance 
in exposure of black-and-white negative materials. The 
difference should not be ignored when exposing color film, 
however, because of the very limited latitude of such ma- 
terials in comparison with black-and-white negative material. 


409 


Thus, there now exists one basic system of rating film 
speeds instead of the numerous systems previously used. 
The exposure index which is calculated from the ASA speed 
greatly simplifies the photographer’s problem when changing 
from one brand of film to another. Users of the Weston 
meter may prefer to use the table of official Weston film 
speeds, but there is no necessity for this since they are 
similar to the exposure indexes of the ASA system. 

SPECTRAL SENSITIVITY.—The spectral sensitivity of films 
may very well have a more important bearing on exposure 
than its assigned speed rating. Under certain conditions, it 
may be quite impossible to make a photograph regardless of 
the length of exposure. For example, ordinary colorblind 
materials afe sensitive only to the blue region of the visible 
spectrum and cannot make pictures using red or orange 
light. Even a relatively fast film, when used under such 
conditions, would have a relative speed rating of zero. 

Panchromatic materials are sensitive to all colors of the 
visible spectrum but are most sensitive in the blue region, 
decreasing in sensitivity throughout the rest of the visible 
spectrum. They are sufficiently sensitive, however, and no 
difficulty will be encountered when photographing various 
colored objects. On the other hand, orthochromatic ma- 
terials are not sensitive to red light and will require a longer 
exposure with yellow or orange light than panchromatic 
materials, even though they both have the same speed 
rating in daylight. 

Because of the variations in spectral sensitivity and its 
effect on exposure, most films are given two film speed 
ratings. One rating is for white light of daylight quality, 
the other for the more orange-colored tungsten light. These 
are the two most common conditions of illumination. THE 
SPEED RATING OF PANCHROMATIC MATERIALS WITH TUNGSTEN 
LIGHT IS APPROXIMATELY % OF ITS SPEED IN DAYLIGHT. 
As the percentage of blue in the light diminishes, the effec- 
tive speed of the film is also decreased. For these reasons the 
spectral sensitivity of film in relation to the color of the sub- 
ject and the light must be considered in determining the 
exposure. 
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Effective Aperture of the Lens 


The effective aperture of a lens is the actual f/value at 
which it is working and frequently is not the same as that 
indicated by the f/numbers marked on the lens. From the 
explanation in chapter 4, you will recall that the speed of a 
lens is determined by two factors, focal length and the maxi- 
mum diameter of its aperture. For example, an 8-inch focal 
length lens with a maximum aperture of 2 inches has a speed 
of £/4. 

THEORETICAL f/vALUE.—With any lens, the f/stop varies 
as the diameter of the aperture or diaphragm is changed. 
Regardless of the focal length, the speed of a lens is de- 
termined in the same manner, that is, dividing the focal 
length by the diameter of its aperture. Therefore, it makes 
no difference what focal length of lens is used; since, theore- 
tically, the intensity of the image falling on the film will be 
the same if each lens is set at the same diaphragm marking 
or f/stop. 

On the other hand, the f/stop numbers marked on a lens 
are only true when the lens is focused at infinity and the 
film is exactly one focal length away from the optical center 
of the lens. This lens-to-film distance increases as the lens 
is focused on objects nearer than infinity. When focused on 
an object two focal lengths in front of the lens, the camera 
bellows will be extended so that the film is also exactly two 
focal lengths from the lens. In effect, this situation presents 
an entirely new focal length for the lens and this lens-to-film 
distance (focal distance) must be used to determine the new 
effective lens speed. Applying the formula to an 8-inch lens 
with a 2-inch diameter when the lens-to-film distance is 
extended to 16 inches, the effective speed is no longer f/4 
but becomes f/8. This is an application of the inverse 
square law—as the distance is doubled the image is spread 
out over four times as much area and consequently it it only 
one-fourth as bright or intense on the film. 

ErrectTivE f/vaALUE.—The f/numbers engraved on a lens 
can be relied on to be sufficiently accurate to produce a 
satisfactory exposure as long as the lens is focused at or near 
infinity. It is only necessary to calculate the new effective 
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lens speed when photographing nearby objects which are 
within a distance of eight focal lengths from the camera. 
Considering that in closeup photography it can mean as 
much as two whole f/stops and reduce the image brightness 
by one-fourth, the film could be excessively underexposed. 

When the bellows is extended beyond one focal length, 
the new effective f{/number can be determined by the follow- 
ing formula: 


Indicated f/no.Lens-to-film distance 


Effective f/no.= Focal length 


For example, an 8-inch focal length lens is focused on a close 
object so that the lens-to-film distance is 16 inches. If the 
indicated stop is f/16, what is the effective f/number? 
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SUPPLEMENTARY LENSES.—Occasionally a supplementary 
lens may be placed on an ordinary lens to alter its focal 
length and make it suitable for use under conditions where 
it would normally be unsatisfactory. Supplementary lenses 
may be used to either increase or decrease the equivalent 
focal length of a lens. For example, the Speed Graphic is 
equipped with a lens whose focal length is too short to be 
practical for portrait photography. The addition of a sup- 
plementary lens will increase the effective focal length suffi- 
ciently to make it satisfactory for taking portraits. When a 
supplementary lens is added, however, the diameter of the 
diaphragm remains the same but the focal length is changed. 
Consequently, the f/numbers engraved on the lens are no 
longer correct and must be determined according to the new 
equivalent focal length. In the same manner when a single 
element of a doublet is used instead of both elements (as 
with a triple convertible lens), the focal length is greater 
than that of the complete lens and new effective f/numbers 
must be used to expose the film correctly. 

SURFACE REFLECTIONS.—Theoretically, according to the 
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formula for computing the f/stops, the intensity of light 
striking the film will be the same at any given stop regardless 
of the focal length of the lens or the type of construction. 
Actually there may be a considerable difference in the amount 
of light transmitted through various lenses at a given f/stop 
in extreme cases, perhaps as much as 50 percent. This is due 
to light being absorbed in passing through individual lens 
elements and reflections from the various surfaces. 

The amount of light transmitted through a lens decreases 
as the number of elements increases. For this reason a 
simple lens of two or three elements most likely will be 
‘‘faster”’ at a given f/stop than a highly corrected lens with 
six or eight elements. However, the difference in light 
transmitted by various lenses is not great enough to be a 
serious problem in most cases with practical black-and-white 
photography. 

The latitude of black-and-white film is sufficient to take 
care of the small difference in exposure which results from 
the absorption and reflection of light in a lens. Exposure 
of color film, however, is much more critical and the loss of 
light through absorption and reflection may have to be taken 
into account. 

A method has been devised to reduce the loss of light in 
lenses by simply reducing the reflection from its surfaces. 
This is accomplished by “coating” the surfaces of the lens 
with an extremely thin antireflection film. Where a lens 
with eight uncoated surfaces will transmit only about 65 
percent of the incident light, coating the surfaces of the 
same lens will increase the transmission to over 90 percent. 
This increase in transmission naturally results in more light 
reaching the film. The additional exposure is insignificant 
in general black-and-white photography, but may have to 
be considered when exposing color film. 

The chief advantage of a coated lens is not the gain in 
speed, however, but the great improvement in negative 
quality. The reflection of light from the surfaces of indi- 
vidual elements of an uncoated lens results in light being 
scattered throughout the lens, reaching the film as general 
illumination and occasionally as flare or ghost images. This 
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gives the effect of fog on the film, thereby reducing the con- 
trast of the negative until it is rather dull and flat. A 
coated lens greatly minimizes this effect to produce a brilliant 
and sparkingly contrasty negative with excellent detail. In 
color photography, the colors remain clean and pure instead 
of the muddy appearance caused by excessive internal lens 
reflections. 


EXPOSURE CONTROLS 


From the foregoing discussion of the effects which certain 
factors have in the process of producing an image on film, 
we are able to correlate the combined results of these factors 
and determine the exposure (intensity time) required to 
produce a particular density in the film. Since each of 
these factors are variable, the product of their combination 
may very likely vary in each instance of exposing a negative. 
In other words, as these factors vary, their combined effect 
on exposures will vary. Consequently, in order to produce 
negatives of consistent density, a method must be provided 
to equalize this effect over a wide range of conditions; that 
is, to control the exposure. 


The method used to control exposure employs two mechan- 
ical devices, a DIAPHRAGM and a SHUTTER. Both of these 
devices are variable, one controlling intensity, the other, 
time. Correctly setting the diaphragm and shutter, one in 
relation to the other, is necessary to produce a given effect, 
that is, a correct exposure to the film. 


There are numerous combinations of diaphragm settings 
and shutter speeds which will produce the same amount of 
exposure. The relation between these combinations are 
quite simple. Each time the diaphragm is opened one 
{/stop, double the shutter speed to give the same amount 
of exposure. Reverse the procedure when stopping down. 
For example, suppose the correct exposure combination is 
1/100 at f/16, but due to movement of the subject it is 
necessary to use a shutter speed of 1/200. Opening the lens 
to f/11 and setting the shutter at 1/200 will provide exactly 
the same amount of exposure as 1/100 at f/16. 


414 


Diaphragm 


The diaphragm is a device used to vary the diameter of 
the opening which passes the light that is transmitted 
through the lens to the film. It consists of a number of 
thin metal or composition sheets attached to a ring in such 
a manner that they form a circwWar opening. Rotating the 
ring to which they are attached causes the leaves of the 
diaphragm to move and vary the size of the opening through 
which light is transmitted. The diaphragm is usually 
mounted inside the barrel between the elements of the lens. 
In this position, it is concentric with and perpendicular to 
the axis of the lens. The “‘speed’’ of a lens (f/number) is 
the ratio between the diameter of the maximum opening of 
the diaphragm and the focal length. 

The act of reducing the size of the opening in the dia- 
phragm is referred to as “stopping down’ and increasing 
the size as ‘‘opening up”’ the lens. When the diaphragm is 
opened to its widest aperture, it is said to be ‘‘wide open” 
and is transmitting the maximum amount of light possible. 
The intensity of light transmitted varies directly with the 
size of the opening of the diaphragm by the following 
formula: 


f/number = —_—_——___-_——_—_ poe lengt h 
Diameter of opening in diaphragm 

It is customary to engrave a series of f/numbers on the 
lens barrel or shutter adjacent to an aperture indicator 
coupled to the diaphragm ring for convenience in setting 
the diaphragm at the desired aperture. Each f/number has 
been mathematically determined so that the relative value 
of light transmitted at any given f/stop will be exactly one- 
half the intensity of light transmitted by the next larger 
diaphragm opening. As the aperture indicator is moved 
from one f/number to the next, the relative exposure is 
either doubled or reduced by one-half, depending on the 
direction the indicator is moved. 

Using the formula for determining the relative intensity 
of light transmitted, a series of f{/numbers has been deter- 
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mined in which each successive number indicates an opening 
that transmits one-half as much light as the opening indi- 
cated by the previous number. Starting with the numeral 
1 as unity, the f/numbers progress in sequence according to 
the square root of 2 (1.4142) in order that the intensity be 
reduced by exactly one-half for each successive opening. 

This series of f/numbers, commonly called ‘full stops,’’ 
are 1, 1.4, 2, 2.8, 4, 5.6, 8, 11, 16, 22, 32, 45, and 64. It 
is important to remember that as the numerical value of 
the f/number increases, the amount of transmitted light 
decreases. For example, f/16 will transmit exactly one-half 
as much light as f/11 during the same period of time. Since 
this is a possible source of much confusion, it is essential 
that we be specific when speaking of changing the aperture 
setting of a lens. If we merely say ‘“‘change the lens to the 
next larger f/stop,’’ it is confusing to determine whether the 
lens should be set at the next larger numerical setting or the 
next larger diaphragm opening. 

Unfortunately all of the f/numbers indicated on a lens are 
not always full stops. This is particularly true of the 
smallest number (largest opening) and is dependent on the 
construction of the lens. Naturally the manufacturer 
wants to indicate the maximum relative aperture or speed 
of a lens since this is often a desirable feature. Applying 
the formula for determining the f/number with the dia- 
phragm set at its maximum opening, it frequently occurs 
that the number obtained will be somewhere between two 
full stops. This may be halfway, three-quarters, or at any 
arbitrary point between two full stops, such as 4.5, 4.7, 5.0, 
etc. In such cases, however, it is customary for the second 
f/number on the lens to indicate a full stop. Lenses marked 
in this manner will frequently use a half or intermediate stop 
for the third indicated f/number, such as f/6.3. 

It is a very common practice to mark a lens whose maxi- 
mum aperture is f/4.5 as follows: 4.5, 5,6, 6.3, 8, 11,16, and 
32. For this reason the full stops should be memorized or 
calculated in order to insure accuracy of exposure when 
changing from one setting to another. At the very least, 
learn to recognize that 3.5, 4.5, and 6.3 are intermediate and 
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-not full stops. One of the easiest methods of calculating 
the next full f/stop is to multiply any given stop by 1.4. For 
example, f/4 multiplied by 1.4 equals f/5.6, the next full stop 
which transmits one-half as much light. 

It should be noted that throughout the series of f/numbers 
the relative amount of light transmitted varies inversely 
with their values; that is, f/8 transmits only one-fourth as 
much light as f/4, instead of one-half. The difference in 
intensity can be quickly determined by squaring the two 
f/numbers and dividing one product by the other. For 
example: 


42/8? = 16/64= 1/4 or f/8 transmits 1/4 as much light as f/4. 


Since the amount of light transmitted varies inversely 
with squares of the f/numbers, the exposure is directly pro- 
portional to the squares of the f/numbers. Applying this 
to a problem of determining exposures, if the exposure at f/4 
is 2 seconds, what would be the exposure at f/8? 

({/no. 1)?: (f/no. 2)?: :Ex. 1:Ex. 2 
47:87: :2:2 
16:64: :2:2 
16z2=128 
z=8 seconds exposure required at f/8. 


Frequently the diaphragm setting required for a correct 
exposure will not fall exactly on a full stop, and in this case 
some point between two marked stops should be used. 
Ordinarily for black-and-white photography, the latitude of 
the film is sufficient to allow some tolerance in exposure and 
will permit setting the aperture indicator at the nearest 
marked f/stop. When greater accuracy of exposure is neces- 
sary, as in exposing color film, the indicator can be set at any 
intermediate position between two stops. For example, if 
the exposure requires a setting of f/12.5, this can be obtained 
by setting the indicator about one-third of the distance 
between f/11 and f/16. 

One other important function of the diaphragm is its effect 
on varying the depth of field. From chapter 4, we learned 
that as the diameter of the aperture is decreased, the depth 
of field is increased. Depth of field itself has no effect in 
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controlling exposure except in an indirect way, because as 
the diaphragm is stopped down to increase the depth of field, 
the intensity of light transmitted is reduced accordingly. 
To compensate for this reduced intensity and to give the 
same amount of exposure, the shutter must remain open for 
a longer period of time. 


The Shutter 


In combination with the diaphragm, the shutter is the 
other device employed to control exposure. Its most im- 
portant function is to limit the amount of time during which 
light is permitted to pass through the lens and act on the 
film. The two types of shutters commonly used on still 
cameras are the focal plane and between-the-lens types. 
Some cameras, such as the Speed Graphic, have both types, 
the focal plane shutter being used almost exclusively for 
short exposures of 1/400 to 1/1000 of a second. 

The between-the-lens or interlens shutter employs a num- 
ber of thin metal overlapping blades arranged perpendicular 
to the axis of the lens in such a manner that they normally 
prevent the passage of light through the lens to the film. 
The blades of this type of shutter are usually located be- 
tween or near the lens elements as close as practical to the 
leaves of the diaphragm. It is a common practice to enclose 
both the diaphragm and shutter in the same housing. 
Through an ingenuous system of gears, levers, cams, and 
springs, the shutter blades may be made to spring open and 
allow light to reach the film. Then after a preset interval 
of time has elapsed, the blades spring shut, cutting off the 
light again. 

The range of intervals or shutter speeds available on this 
type of automatic shutter are usually 1 second, 1/2, 1/5, 1/10, 
1/25, 1/50, 1/100, and 1/200 of a second. Frequently, on 
more expensive modern shutters, a higher speed of 1/400 or 
1/500 will be available. This is about the limit of reasonable 
efficiency in automatic between-the-lens type shutters. For 
higher speeds, the focal plane shutter must be used. 

The interval which is desired for the shutter to remain 
open is selected by moving a lever to the speed indicated on 
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a speed scale engraved on the shutter housing. Tripping 
the shutter will cause the shutter blades to open for the 
selected interval and then spring shut. It is important to 
note that shutter speeds are available only as marked on 
the shutter housing. Unlike the diaphragm which can be 
set between marked f/numbers, intermediate settings on the 
shutter will not give intermediate speeds. 

Another very important function of the shutter is to limit 
the time the blades are open during exposure to such an 
extent that the relative motion between a moving object 
and the camera does not cause the image to blur on the 
negative. These two functions of the shutter, limiting time 
of exposure and movement of the image, are entirely separate 
and distinct. However, the shutter speed in combination 
with the f/stop necessary to obtain a correctly exposed 
negative will, in many cases, be the same as that required 
to stop motion. 

Since these two functions of the shutter are separate, it 
is necessary to determine the shutter speed required for each 
condition. The most suitable shutter speed is then selected 
and the diaphragm adjusted to give the proper combination 
for correct exposure according to the film speed and 
prevailing light conditions. It is most important that the 
interval of exposure be of such short duration as to prevent 
blurring the image. Although the interval may be much 
shorter than the minimum speed required to stop motion, 
it should never be longer. For example, if 1/50 is sufficient 
to stop motion, it is perfectly all right to make the exposure 
at 1/100 or faster, but never at 1/25 if it will result in blurring 
the image. Each time the shutter speed is changed, the dia- 
phragm should be reset to the proper f/stop combination 
which will produce a correct exposure under existing con- 
ditions. 

The correct sequence in determining the settings of the 
diaphragm and shutter for making an exposure is to first 
compose the picture and focus on the subject, then stop 
down the diaphragm until the desired depth of field is ob- 
tained. Select the shutter speed which combines with this 
f/stop to produce a correct exposure. When the subject is 
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in motion, it is necessary to determine if the selected shutter 
speed is fast enough to prevent blurring the image. In the 
event it is too slow, the shutter must be reset to a speed 
which will stop motion and the diaphragm opened accord- 
ingly. This compromise will sacrifice some of the depth of 
field, but for some types of subjects this procedure is the 
only method that will produce a usable picture. If the 
situation will not permit sacrificing some depth of field, 
other alternatives possible are: use a film with a higher speed 
rating, set up the camera at a greater distance from the 
subject, use a shorter focal length lens, or select a different 
camera angle so that the relative motion of the subject to 
the camera is decreased. 


PHOTOGRAPHY OF MOVING OBJECTS 


When a subject is in motion during exposure, its image on 
the film will also move. Even though the duration of ex- 
posure is only 1/1000 of a second, the image will move a 
small fraction of an inch during this time. However, the 
movement at 1/1000 will only be 1/10 as far as it would be 
at 1/100 of a second. 

The problem for the photographer, then, is to determine 
just how much movement of the image can be tolerated 
before it becomes objectionable and regulate the shutter 
speed accordingly. Further, it is necessary to visualize the 
use to which the negative is to be put in order to determine 
what constitutes an “objectionable” blurring of the image. 
A negative which is to be contact printed will permit con- 
siderably more blurring than one which is to be enlarged 
many times. Also if a print is likely to be examined through 
a magnifying glass, the image must be much sharper than 
would be necessary when the print is viewed from a 
distance. 

Once it is known that a negative will be used for a par- 
ticular purpose, it is possible to calculate the shutter speed 
required to produce a satisfactorily-sharp image. Since 
the unsharpness or blurring of the image is caused by 
movement of the image on the film during the exposure, the 
answer to any problem for stopping motion will depend on 
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the amount of movement of the image which can be tolerated. 
As a general rule, the permissible image movement is 1/100 
of an inch for negatives which are to be contact printed 
and 1/250 of an inch if they are to be enlarged. 

Unusual circumstances may make it impossible to obtain 
such degrees of sharpness of a moving object. In such cases, 
it will be necessary for the photographer to decide whether 
it is more important to make a picture even though the sub- 
ject is somewhat blurred than to leave it unphotographed. 
When it is imperative that a sharp image be obtained of a 
fast moving object, it is possible to use the “follow through” 
method of keeping the camera constantly trained on the 
object and following it until after the exposure is made. 
Of course, this method will completely blur the background, 
but will provide a sharp image of the object itself, even at 
relatively slow shutter speeds. 


Controlling Factors 


There are four factors which determine the: distance an 
image will move on the film during exposure. Each time 
that an object in motion is to be photographed these factors 
must be considered to insure that the image will be suffi- 
ciently sharp. They are: 


1. The object distance (from lens to object). 

2. The image distance (from lens to film). 

3. The speed of the object (perpendicular to lens axis). 
4. The interval of exposure. 


The first three factors determine the speed at which the 
image will move across the film and the fourth simply limits 
the time it is allowed to move, thereby limiting the distance 
of image movement. Varying one or more of these factors 
will vary the distance which the image moves during 
exposure. 


Determining Required Shutter Speed 


Two methods of determining the shutter speed necessary 
to stop motion are given, either of which will prove entirely 
satisfactory. Others may find it more convenient to refer 
to one of the many tables published on the subject or con- 
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struct their own table according to the focal length of the 
lens most commonly used and the particular circumstances. 
The first method sets down the controlling factors as the 
terms of a proportion to solve for image motion in inches 
per second. The chief advantage of this method is to 
illustrate the direct relationship between the controlling 
factors. 


Let J=Image motion 
F=Focal length of lens (image distance) 
G= Object speed 
A=Object distance 


It is necessary that both terms of a ratio be expressed in 
like units, but the two ratios of a proportion may be in dif- 
ferent units. In the proportion I:F::G:A it is more con- 
venient to express the first ratio in inches and the second in 
feet. Solving a practical problem will aid in understanding 
this method. For example, find the shutter speed required 
to stop motion when photographing a car traveling at 20 
miles per hour, at a distance of 60 feet from a camera fitted 
with a 6-inch lens. The permissible blurring or movement 
of the image is 1/100 of an inch. Changing miles per hour 
into feet per second so that the second ratio can be ex- 
pressed in like units and substituting the known units into 
the proportions gives the distance the image will move in 
one second. 


i_G 
F A 
IA=FG 
FG 
Ly 
Jar a 23 inches per second 


image motion. 


(Review ‘Image-Object Relationships’ as discussed in 
chapter 4.) 
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To find the fractional part of a second which the shutter 
can remain open in order to limit the image motion to 1/100 
of an inch, divide the image motion in 1 second by 1/100. 
The answer is 1/300, the shutter speed required to stop 
motion. If the image motion must be limited to 1/250 of 
an inch, divide 3 by 1/250, giving an answer of 1/750 of a 
second shutter speed. 

The second method of determining shutter speed is faster 
since it makes use of a conversion factor in which a portion 
of the problem is already solved. To those who can remem- 
ber the factor, this method will be more simple because it is 
unnecessary to change miles per hour into feet per second 
and the solution gives the shutter speed directly. Where it 
was necessary to work two problems with the first method, 
first finding image motion and then shutter speed, this 
method gives the shutter speed directly in one formula. 
Using the same situation asin the first example, the formula 
is written and solved as follows: 


Object distance 
Object speed < Focal length x Conversion factor 


60 ft. 
20 m. p. h.X6 in. xX 146.6 


Shutter speed = 


Shutter speed = = 1/293.2. 


Rounded off to a practical shutter speed will givel/300 of 
a second for the exposure. The conversion factor of 146.6 
applies to limiting image movement to 1/100 of an inch. 
If the movement must be limited to 1/250, multiply the 
shutter speed by 2%. 

The above problems have been solved on a basis of the 
object moving at right angles to the axis of the lens. Cross- 
ing the field of view in this direction, the object has its 
greatest apparent motion. The angle of object movement 
in relation to the lens axis has a direct bearing on the speed 
of image movement. As the angle of movement decreases 
from a right angle, the apparent speed of the object de- 
creases, causing the image to move more slowly across the 
film. When the object is directly approaching or leaving 
the camera, the image movement on the film is very small, 
even with a relatively fast moving object. Under such 
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circumstances, the required shutter speed is far less than 
would be necessary if the object was moving at right angles 
to the camera. 

There are two general rules that will help to determine 
the required shutter speed to stop motion of objects which 
are not moving at right angles to the lens axis: 

1. When the object is moving toward or away from the 
camera at approximately 45 degrees, use two-thirds of the 
shutter speed required to stop motion at right angles. 

2. If the object is directly approaching or leaving the 
camera, use one-third of the shutter speed required to stop 
motion at right angles. 

Frequently, it will be found that after determining the 
shutter speed required to stop motion that the between- 
the-lens shutter will not operate fast enough. If the camera 
is equipped with a focal plane shutter, it may be used to pro- 
vide an exposure of such short duration that the image will 
not be blurred. Otherwise, it will be necessary to vary one 
or more of the factors controlling image movement. Use a 
shorter focal length lens, increase the camera to subject 
distance, or change the camera position so that the object 
is not moving at right angles to the lens axis. 

If none of these alternatives are practical, the only other 
solution is to constantly train the camera on the moving 
object, following its movement until after the exposure is 
made. This will blur the background, but will allow a sharp 
picture of the moving object to be made. 

Except under poor light conditions, very little difficulty 
will be experienced in selecting a combination of shutter 
speed and diaphragm setting to correctly expose the film. 
In each situation, however, remember to consider the speed 
and spectral sensitivity of the film and the intensity, color, 
and direction of light falling on the subject when determining 
the exposure. | 


METHODS OF DETERMINING EXPOSURE 


The majority of outdoor scenes has a relatively short 
range of brightness; that is, the light reflected from the 
brightest highlight in a scene may be only 25 or 30 times as 
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intense as light reflected from the shadows. The extreme 
latitude of black-and-white films for outdoor use makes it 
possible to record a range of brightness in which the high- 
lights are about 128 times brighter than the shadows. For 
this reason it is possible to make a sizeable error in the expo- 
sure for an average scene and still obtain a negative of good 
printing quality. Thus, it is no mystery that an experienced 
photographer can estimate the exposure required for the 
average outdoor scene closely enough to obtain a high 
percentage of good negatives without the aid of an exposure 
meter. 

It is the unusual scene, one of extreme brightness range 
or under poor light conditions, that gives the photographer 
real trouble in estimating the exposure. Guessing the ex- 
posure under such conditions will result in a very small 
percentage of good negatives, even for an experienced 
photographer. 

Many photographers underexpose or overexpose their 
negatives and never realize how much better the pictures 
might have been with correct exposure. With underexposure, 
the film has not received enough light from the shadows to 
produce a density sufficient to record detail and show sepa- 
ration of the various tones in the darker areas of the subject. 
The middle tones and highlights may appear quite normal. 
Overexposure, on the other hand, will produce such excessive 
density in the highlight area of the negative that little or 
no separation is obtained in the various brightnesses of the 
highlights, causing the print to be flat and chalky white 
in this area. In this case, however, the shadows and middle 
tones may be correctly reproduced. 

There are four possible methods of — the ex- 
posure for a scene. They are: 

1. Estimating or guessing the exposure aes means of the 
eye to determine the intensity of hght. 

2. Estimating or guessing the exposure on the basis of 
past experience under similar conditions. 

3. Using exposure tables, guides, or calculators. 

4. Measuring the intensity of ight with a device such as 
an EXPOSURE METER (explained later in this chapter). 


425 


The first method is of little practical value, even to an 
experienced photographer, because of the self-adjusting 
features of the human eye by which the iris opens and closes 
automatically to adapt the eye to a wide range of light in- 
tensities. This makes the eye extremely inaccurate as a 
device for measuring the intensity of illumination. Further- 
more, the eye is insensitive to some of the very short wave- 
lengths and, oddly enough, it is this band of wavelengths to 
which film is usually the most sensitive. The percentage of 
good negatives exposed by this method alone would be very 
small. 

The second method is practical and will produce good 
quality in perhaps as much as 50 percent of the negatives 
exposed by experienced photographers. It is similar to the 
third method in that the photographer has become so fa- 
miliar from past experience with the exposure required in 
similar situations that he has practically committed an 
exposure table to memory. The advantage of using calcu- 
lators and guides in the third method is that it shortens the 
process of calculating the exposure and takes into account 
the various factors governing exposure, one of which may be 
forgotten when the exposure is calculated mentally. 

The fourth method, using an exposure meter, is by far 
the most practical and successful. Used intelligently with 
an understanding of its operation and its limitations, the 
exposure meter will consistently yield correctly exposed 
negatives in more than 95 percent of the subjects photo- 
graphed. However, like any mechanical device, the expo- 
sure meter is subject to error or becoming inoperative. 
For this reason it is an excellent practice to learn to estimate 
the exposure under various conditions and not become 
totally dependent on a meter. 


Basic Exposure 


One of the most common approaches in learning to esti- 
mate exposure is to start out with a Basic exposure under 
normal daylight conditions for an average outdoor scene. 
This is intended to imply a scene in which the shadows and 
highlights are about equally distributed and is illuminated 
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by bright sunlight. The basic exposure for this condition 
may be determined by trial exposures, obtained from an ex- 
posure table, or from someone with past experience. It 
- should be understood that this basic exposure will vary with 
the geographical location and the season of the year. The 
variation is small at any location in the United States regard- 
less of the season, but would be extreme at a location such 
as the South Pole. 

Although any appropriate combination of shutter speed 
and diaphragm setting can be used as a basic exposure, there 
is a particular advantage in using a common or KEY stop 
from which all exposure calculations are made. Not only 
are we all using the same starting point, but the exposure 
calculation is greatly simplified when using films of various 
speeds. Using a common f/stop for all films makes it un- 
necessary to remember the shutter speed required for each 
one to give a basic exposure. We simply use the reciprocal 
of the exposure index of the particular film as the shutter 
speed required when the diaphragm is set at the key stop. 

Over most of the United States and during all seasons, 
except possibly the Northern States during winter, f/16 can 
be used as the stop from which all exposure calculations are 
made. In the extreme south during July and August f/22 
may produce a more normal exposure, and in the extreme 
north in winter f/11 may become the key stop, due to varia- 
tions in the intensity of sunlight. However, with the lati- 
tude of present day films, f/16 could be used for the basic 
exposure at any time and in most cases a satisfactory expo- 
sure obtained. 

With f/16 as the key stop for outdoor exposure, regardless 
of the type or speed of the film, use the reciprocal of the 
exposure index as the shutter speed. For example, with a 
film having an exposure index of 50, the basic exposure is 
1/50 at f/16 and one with an index of 100 would indicate a 
basic exposure of 1/100 at f/16. Whatever the exposure 
index may be, use its reciprocal as the shutter speed together 
with a diaphragm setting of f/16 as the basic exposure. 

Another advantage of using f/16 as a starting point is the 
fact that this is the f/stop at which a large percentage of 
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exposures are made. It provides a considerable depth of 
field, yet allows the shutter to operate fast enough to stop 
motion in a majority of subjects. When the basic exposure 
will not fulfill these requirements, it is a simple matter to 
change the combination of settings as necessary to give the 
desired depth of field or stop motion. For example, if 1/200 
is required to stop motion whereas the basic exposure is 
1/100, set the shutter at 1/200 and open the diaphragm to 
f/11. The film will receive exactly the same amount of ex- 
posure. On the other hand if a greater depth of field is 
necessary, for each f/stop the diaphragm is closed reduce the 
shutter speed by one-half. 

Knowing the basic exposure under normal conditions, it 
is an easy matter to estimate the exposure under other con- 
ditions. These conditions and their effect on exposure have 
been previously discussed in this chapter. Recalling some 
of the factors which must be considered in determining the 
exposure, the intensity, color, and direction of light falling 
on the subject are the light conditions which have a definite 
bearing on exposure. 

Obviously the light is less intense in cloudy weather or 
late in the afternoon and makes an increase in exposure nec- 
essary. If a subject appears dark in tone or color or is 
shaded from the direct rays of the sun, it will require more 
exposure than a light colored one in bright sunlight because 
less light will be reflected to the camera. The type of film 
must be considered in every case, not only from the stand- 
point of film speed, but also its sensitivity to the various 
colors of the spectrum which are reflected by the subject. 

The basic exposure must also be increased when the lens 
is focused on a nearby object, due to the image being spread 
out over a much larger area when the lens is extended beyond 
its true focal length. In such cases a new effective f/stop 
must be determined on the basis of the extended focal length. 
Although it may appear quite difficult to remember all these 
factors and modify the basic exposure according to their 
combined effect, experience will teach us how to make the 
exposure calculation easily and rapidly. 

The relationship between shutter speed and f/stop and 
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their effect on exposure must be clearly understood. The 
basic exposure can be modified by changing either the f/stop 
or the shutter speed or both. For example, when it is de- 
sired to increase exposure, the diaphragm may be opened 
by changing the f/stop from f/16 to f/11 or f/8 etc.; or the 
shutter speed may be reduced from 1/200 to 1/100 or 1/50 etc. ; 
or both may be changed. The reverse is true, however, to 
maintain the same relative exposure as given by the basic 
exposure when a different shutter speed or diaphragm setting . 
is required; that is, in this case, both settings must be 
changed to a new combination which will produce the same 
amount of exposure. For example, if the shutter speed of 
1/100 is too slow to stop motion, the shutter may be set 
at 1/200 and the diaphragm opened to f/11, or 1/500 at f/8, 
etc. In cases where a fast shutter speed is not needed and 
f/16 will not produce the desired depth of field, the combi- 
nation may be changed to 1/50 at f/22, 1/25 at £/32, etc. 
and still produce the same relative exposure as given by 
1/100 at £/16. Once the relationship between shutter speed 
and f/stop is understood, no difficulty will be encountered 
in modifying the basic exposure. 


Exposure Meter 


Undoubtedly the best method of determining exposure is 
to use a reliable exposure meter. Negatives exposed by this 
method will be far more uniform in density and will have all 
tones in the scene correctly exposed. Such negatives are 
easy to reproduce and will produce consistently good prints. 

There are three general types of exposure meters: acti- 
nometers, visual exposure meters, and photoelectric exposure 
meters. Actinometers are seldom used because they are 
awkward and slow and are not dependable in determining 
the exposure for orthochromatic and panchromatic materials. 
They operate on the principle of determining the ‘actinic 
value” of ight by exposing a section of light sensitive paper 
to the light which illuminates the scene. The paper darkens 
to a standard tint when exposed. The intensity of light is 
determined by the length of time required to darken the 
paper, thus predicting the actinic or photographic value 
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which can be expected in each scene. Since the light sensi- 
tive paper used in this type of meter is insensitive to the 
yellow, orange, and red portions of the spectrum, incorrect 
readings are likely to be obtained for orthochromatic and 
panchromatic materials. 

Visual type exposure meters are used rather extensively 
because of their relatively low cost, simplicity, and relia- 
bility. Most of these meters operate on the principle of 
transmitting light through a piece of glass or celluloid which 
has varying degrees of density from transparent to opaque. 
Each graduation of density is identified by a letter or number. 
The meter is held to the operator’s eye and directed at the 
subject. The last letter or number which is barely visible 
when looking through the graduated density disk or strip in- 
dicates the light value. As the intensity of light reflected 
from the subject increases, it will transmit light through the 
denser portions of the glass or celluloid and illuminate addi- 
tional letters or numbers. After the light value has been 
measured, the exposure is determined by setting this value on 
a calculator which is an integral part of the meter. 

Although the visual type meter is very satisfactory and 
will greatly increase the percentage of good negatives ob- 
tained, it is subject to a certain degree of error simply 
because of the human element. It is the self-adjusting 
feature of the human eyes which introduces this error. 
When the meter is held to the operator’s eye, the iris slowly 
begins to open because of the reduced intensity of light 
reaching the eye. If the meter is held to the eye for a con- 
siderable length of time, additional letters or numbers can 
be seen through the denser portions of the graduated disk, 
resulting in a faulty reading of the actual light value. 

The photoelectric’ type is the most accurate exposure 
meter available. It is not subject to the human errors in- 
troduced by other methods of determining exposure. With 
this instrument the intensity of light is ‘‘measured,”’ and the 
light value of a scene is indicated on a scale. Calculator 
dials attached to the meter case are designed to compute the 
correct exposure rapidly by considering the light value in 
relation to the film speed. Thus the problem of tran- 
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scribing light values into terms of exposure is simplified and 
direct readings in numerous combinations of f/stop and 
shutter speed which are suitable for photographing the scene 
are shown on the calculator dials. 


THE PHOTOELECTRIC EXPOSURE METER 


It is almost impossible to make a good print from a poor 
negative. Making a good print from a good negative is a 
very simple process, requiring little effort and only a reason- 
able amount of care and skill. Hence, it is important that 
negatives be uniformly exposed and processed, reproducing 
the full range of tones in each scene in order to produce 
consistently good prints. A good exposure meter properly 
used is the best insurance a photographer can carry to insure 
making consistently good negatives. 

The photoelectric type exposure meter is produced by a 
large number of domestic and foreign manufacturers. 
Although many reliable instruments of this type are avail- 
able, the two most commonly used in the Navy are the 
Weston and GENERAL E ectric. These meters (figs. 





Figure 10-5.—The Weston Master Il exposure meter. 
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Figure 10-6.—The General Electric exposure meter. 


10-5 and 10-6) operate on the same principle and are similar 
in construction and method of using. Another meter which 
has been used extensively in the Navy is the De Jur, Model 
40. Since a number of these meters are still in use, its opera- 
tion will be discussed with the Weston and General Electric. 


Advantages 


When properly used, the photoelectric exposure meter is 
the most precise type of exposure determining device avail- 
able. It measures the intensity of light either falling on 
(incident) or reflected from the subject and gives a direct 
reading of this value on a scale. Such readings are rela- 
tively free from the errors which occur when using personal 
judgment to estimate or guess light intensity. 

From an economical standpoint, the savings in film alone 
will justify the expense of a meter. Considering that nearly 
50 percent more good exposures will be obtained, the cost of 
wasted film would pav for a meter in a short time. Their 
greatest advantage, however, is not necessarily the higher 
percentage of “printable”? negatives obtained, but the large 
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number of correctly exposed negatives of average density 
which permit consistently good prints to be made so much 
more easily. 

Exposure meters have their greatest value in those unusual 
situations not covered by exposure guides or tables, even 
though the photographer may have had considerable past 
experience under similar situations. The eye is simply such 
a poor measuring device for light intensity that it cannot be 
relied on in these unusual situations. Although meters are 
designed to measure as great a range of light intensities as 
practical, they are most accurate under moderate levels of 
illumination, such as average daylight conditions. When 
used in very weak light, they may be less accurate, due to 
the low current output of the photoelectric cell. They are 
highly satisfactory when used to measure intensities of light 
such as would be encountered throughout the day from sun- 
rise to sunset. 


Construction 


The photoelectric type meter consists essentially of a bar- 
rier-layer type of photoelectric cell and a very sensitive 
direct-current measuring device housed in a molded plastic 
case. The barrier cell in some instruments consists of disks 
of copper and copper oxide in contact, and in others of iron 
and selenium. When such a combination of elements is ex- 
posed to light, a small electrical current is generated which 
flows through the photoelectric cell and its external circuit 
so long as the light is permitted to strike the sensitive surface 
of the cell. 

A galvanometer, the sensitive direct-current measuring 
device, is connected in the external circuit of the photo- 
electric cell. This is essentially a tiny electric motor which 
attempts to revolve when current is applied. A small in- 
dicator arm attached to the galvanometer is deflected in 
proportion to the amount of current flowing through the cir- 
cuit. The amount of current generated and the amount of 
deflection of the galvanometer is proportional to the inten- 
sity of light striking the photoelectric cell. A light value 
scale is mounted directly behind the indicator arm so that 
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the amount of deflection can be measured. Consequently, 
the scale can be calibrated to indicate the amount of light 
falling on the cell. 

The calibration of the light value scale can be in any con- 
venient units, such as foot candles, candles per square foot, 
or in arbitrary units. Since batteries are not required to 
convert luminous flux directly into an electric current, photo- 
electric exposure meters can be made quite small and com- 
pact. There is little or no deterioration of the barrier type 
photoelectric cell when handled properly and stored under 
normal conditions, making its useful life indefinite and 
limited mostly by physical damage. 

A circular calculator is attached to the case of the meter 
so that light readings can be quickly converted into exposure 
settings of shutter speed and f/stop combinations. The cal- 
culators on each meter are quite similar in that they consist 
of one or more disks which can be rotated for setting film 
speeds and light readings. When these settings are properly 
made according to the existing conditions, numerous com- 
binations of shutter speed and f/stop are shown on the 
calculator, any one of which will give a correct exposure. 


Extending the Light Value Scale 


It is difficult to construct a meter having a single light 
value scale long enough and with sufficient space between 
graduations to indicate light values with the necessary de- 
gree of accuracy. For this reason, some manufacturers have 
designed their meters with two or more light value scales, 
one for moderate to high intensities and the other for low 
levels of illumination. Others have only one scale but em- 
ploy a multiplier circuit in the meter which will cause the 
light value indicator to be deflected ten times more than it 
would normally indicate. This permits reading low levels 
of illumination much more accurately. 

The Weston meter has two scales and employs a baffle in 
front of the photoelectric cell for reading moderate to high 
light intensities. When taking readings under weak light 
conditions, the baffle is swung from in front of the cell to 
allow ten times more light to strike the surface of the cell. 
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Figure 10-7.—Low light value scale of the Weston meter. 






When the baffle swings from in front of the cell, it automat- 
ically moves the low light value scale into position, as shown 
in figure 10-7, and light intensities are read directly on this 
scale. 

The General Electric meter is a good example of another 
method of extending the light value scale for more accurate 
readings of very intense or very weak light. It has provi- 
sions for taking readings under three rather broad ranges of 
illumination levels—low, average, and high—yet it uses only 
one light value scale. The upper end of the meter case (fig. 
10-8) on which the calculator is mounted is nothing more 
than a hood to shield the photoelectric cell from light which 
is too intense. It is called a DIM LIGHT HOOD and serves the 
same purpose as the baffle in front of the cell on the Weston 
meter, that is, to allow only a certain percentage of the total 
light to reach the cell. A hinged MULTIPLIER cover with 
four small rectangular slots cut into it (fig. 10-6) is mounted 
on the end of the hood to further reduce the amount of light 
reaching the cell when the cover is closed. 

The meter is used with the hood in place (fig. 10-6) and 
the cover closed when the light is very intense. Under 
moderate levels of illumination, the hinged cover shown in 
figure 10-6 opens to allow about ten times more light to 
reach the cell. When the illumination is very weak, the 
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Figure 10-8.—The General Electric exposure meter with the dim light hood 
removed. 


hood of the meter is removed as shown in figure 10-8, per- 
mitting about 35 times more light to reach the cell than 
when the cover was open and about 350 times more light 
than when the cover was closed. 

In effect, the meter mechanism above greatly extends 
the light value scale and permits readings to be made over 
a greater range of light intensities and with a greater degree 
of accuracy. For example, if the indicator registers at the 
low end of the scale with the cover closed and an accurate 
reading cannot be obtained, the cover can be opened to 
allow more light to enter the cell. The indicator will then 
swing ten times farther up the scale, that is, from 2 to 20, 
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5 to 50 etc. Likewise, when the light is too weak to take 
a reading with the cover open, the hood can be removed to 
allow all of the available light to strike the cell directly. 
This will allow the indicator to swing much farther up the 
scale and give an accurate reading in very weak light. 
Normally, WHEN THE DIM LIGHT HOOD IS REMOVED, THE 
METER IS DIRECTED AT THE CAMERA FROM THE POSITION 
OF THE SUBJECT, measuring the light falling on the subject 
(INCIDENT) rather than the light reflected from it. 

While the General Electric meter has only one light value 
scale for all three methods of measuring light intensity, no 
computation is necessary before setting the reading on the 
calculator. These differences in actual light value are 
automatically compensated for by the three different index 
positions on the calculator dial, Cover CLosEep, CovER 
Open, and Dim Licut Hoop Orr. (See fig. 10-8.) The 
arrow in the index position which identifies the method of 
taking the reading is set opposite the light value obtained.» 
This method of compensating for the difference in readings 
obtained on on a single scale can be easily understood by 
setting the Cover CLosepD arrow on 5 of the light value 
scale. Note that the Cover OPEN arrow is pointing directly 
at 50 on the light value scale and that the various exposure 
combinations are exactly the same for either setting. This 
system greatly extends the single light value scale just as 
though there were three separate scales. 

The light value scales of the various meters are not cali- 
brated in the same units, and in some cases the different 
scales of the same meter may be calibrated in different units. 
For example, most models of the Weston and De Jur meters 
are calibrated in units of candles per square foot while the 
General Electric is calibrated in foot candles with hood 
removed and in arbitrary units with the hood in place. 
Some meters, mostly of foreign manufacture, are calibrated 
in terms of f/stops or shutter speeds. 

The fact that light value scales of various meters are 
calibrated in different units has no particular bearing on the 
operation of the meter to determine exposure. Regardless 
of the unit of calibration, the end result will indicate the 
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same exposure on each meter because the calculator has 
been designed to translate the scale readings into the proper 
combinations of f/stops and shutter speeds. 


Acceptance Angle 


When a photoelectric exposure meter is directed at a 
scene, it will integrate and average all of the light reflected 
from every part of the scene. For this reason, the meter 
should be able to “see” approximately the same angle of 
view as will be included by the camera. Should it include 
a larger angle of view, however, large light or dark areas 
which are actually outside the view of the camera may 
cause the meter to give an inaccurate reading. The angle 
of view included by the meter is known as the accEPTANCE 
ANGLE and should be approximately the same as the angle 
of view of the lenses most commonly used. The general 
tendency is to construct meters having an acceptance angle 
greater than the angle of view of the average lens. Thus 
the cell will be affected by light from a larger area and will 
give a reading under lower levels of illumination. Such 
an instrument can be produced at a lower cost by installing 
a cheaper, less sensitive galvanometer. 

With a photoelectric cell of a given size, more light will 
fall on the cell and more current produced as the acceptance 
angle is increased. While this will increase the apparent 
sensitivity of meters having low sensitivity, it increases the 
possibility of faulty readings. For example, a meter which 
covers an angle twice as great as the lens will be influenced 
by light from an area four times larger than will be included 
on the negative when a reading is taken from the camera 
position. With the actual subject area contributing only 
one-fourth of the total light striking the meter, it is obvious 
that large errors in exposure values are possible. Meters 
having a large acceptance angle should be held somewhat 
closer to the subject instead of at the camera position so 
that only the actual area to be photographed will influence 
the meter. 

Most manufacturers install a baffle of some sort in front 
of the photoelectric cell to limit the acceptance angle of the 
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meter and prevent extraneous light from influencing the 
meter. Some have placed the cell deep enough within the 
case, such as General Electric, that the case itself acts as a 
baffle. Others use mechanical baffles of thin plates latticed 
or laminated together to form numerous small holes giving a 
honeycomb appearance. Regardless of the method used to 
restrict the angle of the cone of light reaching the cell, all 
meters are more selective to the center part of the scene. 
Light striking the meter from an oblique angle diminishes in 
its effect on the photoelectric cell as the angle increases. 
Fortunately, this tends to reduce the error to which a meter 
is subject due to a large acceptance angle. 

Due to the fact that a large percentage of outdoor scenes 
will include a broad expanse of sky which is much brighter 
than other parts of the scene, some manufacturers have lim- 
ited the acceptance angle more in the vertical plane than in 
the horizontal. For example, the General Electric meter 
(models 8DW48Y10 and 8DW48Y12) has an acceptance 
angle of 60 degrees in the horizontal plane and 40 degrees in 
the vertical, the De Jur (model 40) has 60 and 30 degrees, 
respectively. This tends to subdue the bright light from the 
sky which otherwise might cause the meter to give too high 
a reading and result in underexposing the darker areas of the 
scene. With meters which have the same acceptance angle 
in both planes, such as the Weston, it is recommended that 
the meter be directed slightly downward to take a reading 
when a considerable expanse of sky is in the field of view. 
This will exclude some of the light from the sky and give a 
more accurate average reading for the scene. 


How the Meter Evaluates a Scene 


The process of determining a correct exposure by using a 
meter requires that it be used intelligently when measuring 
light intensities. Experience will contribute greatly to 
making a more useful tool of this instrument. It is not 
foolproof by any means and, if used incorrectly, can give 
readings which will result in greatly overexposed or under- 
exposed negatives. Failure to take into account the accept- 
ance angle of the meter will result in some error, but more 
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error is likely to occur from failure to remember that the 
meter integrates all the light received from the entire scene. 

A meter receives all of the light from a scene and deter- 
mines the overall ‘‘average’”’ illumination of the scene. Con- 
sidered from a standpoint of determining the amount of 
illumination, this is as it should be. However, from the 
photographic aspect, the subject is not composed of just one 
level of illumination, but of many areas of different degrees 
of brightness and color. It is these differences in intensity 
and color which we desire to record on the film as differences 
in density. 

If the scene is composed of approximately equal parts of 
light and dark areas, it can be considered as normal and the 
meter reading accepted as correct. However, if the scene is 
composed of either predominantly light or dark areas, the 
meter reading will not be correct. When the scene is pre- 
dominantly light, the brighter areas will outweigh the darker 
areas and give a high reading which may result in under- 
exposure of the dark areas. The reverse is true when the 
scene is predominantly dark, resulting in overexposure of 
the highlights. 7 

The reason for these faulty readings can be more easily 
understood by using the example of photographing a checker- 
board of alternate large black and white squares. When the 
meter is held at such a distance from the board that it is 
influenced equally by the black and white squares, an average 
brightness reading is obtained. The light value indicated 
will be the integrated sum of the light from both the light 
and dark areas and will be much the same as though the 
board were one solid gray tone. The exposure determined 
from such a reading would produce a negative with high 
density in the white squares and low density in the black. 
Such a negative would make a print which would reproduce 
the original scene correctly. However, if the meter is held 
close to one of the white squares so that the black area has 
little or no effect on the meter, the reading obviously will be 
much higher. If such a reading is accepted as being correct 
and the exposure is made accordingly, the negative will be 
underexposed. The same principle applies if a reading is 
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taken from one of the black squares or from any predom- 
inantly dark area. The meter will indicate a lower light 
value than is correct for the whole scene and the negative 
will be overexposed. 

In each of the above examples, the exposure should be 
exactly the same in order to make three negatives having the 
same density in corresponding areas. Yet the meter has 
given three entirely different indications of light value. 
Although the checkerboard example is rather extreme from 
black to white in comparison with an outdoor scene, the 
same general principles apply when a predominantly light 
or dark scene is being photographed. Compensation must 
be made in the light value obtained in order to correctly 
expose the film. 

Experience is the best teacher as to how much com- 
pensation should be made in each situation. There is such 
a great range of differences possible in the ratio of light to 
dark areas in a scene that it is difficult to classify them and 
assign a factor for each one. However, as a general guide, 
double the indicated exposure if the reading has been taken 
from a predominantly bright scene and detail is desired in 
the shadows. Give one-half the indicated exposure when 
the meter has been influenced mostly by an abundance of 
dark areas. This procedure will tend to give better detail 
in both the highlights and shadows. 


Methods of Measuring Light Values 


There are several methods of using an exposure meter to 
measure the light value of a scene. Consistently good 
negatives can be produced with either method, provided 
the photographer is familiar with the meter and uses it 
correctly. To use such an instrument correctly, he must 
understand its principle of operation, how it evaluates the 
illumination on a scene, its acceptance angle, and most 
important of all, how to hold the meter so that no extraneous 
light will affect the light value reading. By learning how to 
classify a scene according to its brightness range and deter- 
mine its most important parts, the meter can be used to 
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determine the exact exposure necessary to record detail in 
the various tones of the scene within the latitude of the film. 

Some of the more common methods of measuring light 
values are: average brightness, brightness range, darkest 
object, brightest object, and substitution. Regardless of 
the method used, each one is striving for the same result— 
to expose the film so that good detail is recorded in both shad- 
ows and highlights and to obtain consistent density in all 
negatives. This can only be accomplished by keeping the 
exposure within the latitude of the film. 

Light values may be measured by directing the meter 
at the scene from the camera position and obtaining a 
reflected light value or by holding the meter at the subject 
and directing it toward the camera to obtain an incident 
light reading. The meters commonly used in the Navy are 
designed primarily for reading reflected light values, although 
they can be used to take incident light readings. 

When incident readings are taken with the Weston and 
De Jur meters, the calculators are set in the usual manner 
to determine the f/stop and shutter speed combination. 
Then the shutter speed is multiplied by 10 to give the 
correct exposure. For example, when the calculator reads 
1/20 at f/8 or 1/10 at f/11, multiply the shutter speed by 10 
to obtain % second at f/8 or 1 second at f/11. 

When the General Electric meter is used to take incident 
readings, the dim light hood is removed. The Dim Licut 
Hoop OrF arrow is set opposite the light value obtained and 
the exposure is read directly. The arrow is located on the 
calculator dial in such a position that it automatically com- 
pensates for the difference in ‘photographic value” between 
reflected and incident light. 

There is considerable controversy regarding the subject of 
determining light values as to whether the reflected or 
incident method is superior. Each method has certain 
advantages and disadvantages. The incident method is 
especially useful when the intensity of illumination is very 
low. It is extremely accurate in measuring the intensity of 
light falling on the subject. On the other hand, the photog- 
rapher is more interested in the amount of light which is 
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reflected from the subject. Black velvet absorbs a very 
high percentage of incident light while a sheet of white 
paper reflects perhaps as much as 85 percent. Obviously 
the light reflecting quality of the subject must be carefully 
considered when determining exposure by incident light 
readings. Some meters are manufactured specifically for 
reading incident light values. Certainly these meters are 
just as capable of accurate readings as those reading reflected 
light. Either type is quite reliable and both must be used 
with intelligence. 

The AVERAGE BRIGHTNESS method of measuring light 
values is probably the one most commonly used and is 
recommended as the most suitable method for the beginner. 
A single reading is made by directing the meter at the scene 
from near the camera position. Hold the meter so that it 
receives light only from the area which will be included in 
the photograph. Do not allow the direct rays of the sun 
to enter the meter and avoid including more open sky than 
absolutely necessary. In this manner all the light reflected 
from the scene is integrated by the meter and an ‘‘average’”’ 
light value indicated for the entire scene. 

If the scene is considered normal or average, that is, one 
having an equal distribution of bright and dark areas, use 
the exposure indicated by the meter. However, if the scene 
is not average, some compensation in exposure may be 
necessary. When the meter has been influenced more by 
large areas of intense reflections and shadow detail is desired, 
the indicated exposure must be increased accordingly. 
Doubling the indicated exposure is usually satisfactory. 

The BRIGHTNESS RANGE method of measuring light values 
is probably the most accurate and useful of the various 
methods of determining exposure. It not only insures good 
detail in both shadows and highlights in each negative (except. 
subjects of extreme brightness range), but provides a means 
whereby the photographer may have in the negative any 
desired density within the limits of the film. Being able to 
predict the density which will be obtained from any part 
of the scene is a great advantage for two reasons. Negatives 
can be made thin, average, or dense, at the discretion of 
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the photographer, without loss of detail in any part of the 
scene. Some people prefer thin negatives for faster printing, 
especially for projection. The second advantage lies in 
the fact that maximum film speed can be utilized by giving 
the minimum exposure which will record detail in the 
shadows. 

Figure 10-9 has been designed to show the relationship of 
film latitude to scene brightness range and assist in explaining 
the problem of exposure. The top portion illustrates a 
“symbolic” characteristic curve as might be plotted from a 
typical panchromatic film used for exterior photographs. 
It shows the relation between the exposure which the film 
has received and the densities produced by the various 
degrees of exposure. The relative exposure values are 
comparable to the brightnesses of the various tones in the 
scene from shadows to highlights. 

The strip immediately below the relative exposure values 
(fig. 10-9) represents a section of developed film as it would 
appear after having been exposed to a scene having a bright- 
ness range of 2000:1 (1/4:512). Thus, the film latitude of 
128:1 is shown to be inadequate to record detail throughout 
such an extreme brightness range of 2000:1 since there is 
no recorded density in the shadows and the highlights are 
completely blocked and opaque. A scene must be exposed 
within the latitude of the film for correct tone reproduction. 
Underexposure will not record detail in the shadows and 
Overexposure will block up the highlights, although the 
intermediate tones will be correctly reproduced. 

The range of light values from the brightnest to the 
darkest part of the scene is termed the scene brightness 
range. It is usually expressed as a ratio, such as 100:1, 
500:5, 50:2, etc. If this ratio does not exceed 128:1, that is, 
the brightest area in the scene is not more than 128 times 
as bright as the darkest area, it is usually possible to expose 
the scene so that good detail is rendered throughout all 
parts of the negative. However, with a scene having a 
brightness range of 128:1, only one exposure will fall within 
the latitude of the film and will yield correct tone reproduc- 
tion of all of the brightnesses in the scene as illustrated by 
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Figure 10-9.—A typical film characteristic curve (H_ & D). 
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(A) in figure 10-9. ‘The majority of scenes will have a much 
shorter brightness range and can be reproduced correctly at 
several different exposures as illustrated by (B) in figure 
10-9. For example, a scene of 30:1 can be exposed so that 
the negative will be thin, barely having detail in the shadows 
and with medium density in the highlights. It may also 
be exposed so that the negative will be dense, just short of 
blocking up the highlights and with medium density in 
the shadows. 

Exposures at the extremes, as illustrated in the example 
above, may vary through as much as three f/stops, such as 
from f/16 to f/8. Of course, exposures made at any point 
between these extremes will reproduce all the tones in the 
scene correctly. Nevertheless, when the brightness range 
exceeds 128:1, the latitude of the film is insufficient to cor- 
rectly reproduce all the tones from shadows to highlights. 
In all of the above situations a compromise must be made, 
by sacrificing some detail in the shadows or highlights or 
both as illustrated by (C) in figure 10-9. 

To use the brightness range method of determining ex- 
posure, the light value scale of the meter should be cali- 
brated in units which are numerically proportional to the 
light intensity reaching the meter rather than in arbitrary 
letters or f/stops and shutter speeds. This method requires 
taking two readings for each scene, one of light reflected 
from the brightest area and the other from the darkest 
area in which detail is desired. 

The ratio of these two readings determines the brightness 
range. The geometric mean of these two readings is then 
taken as the best ‘‘average”’ light reading for the scene and 
is used to determine the exposure. For example, if the 
brightest part of the scene measured 45 units and the darkest 
5, the ratio is 45:5 or 9 and the geometric mean is 15. In 
this case 15 would be used as the best average light value 
for the entire scene. The geometric mean is the square 
root of the product of the two readings, that is 
V¥5X45=225=15. If the brightest area of a scene meas- 
ured 1000 units and the darkest area 10, the ratio is 1000:10 


or 100 and the geometric mean would be 100710 X1000= 
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¥10000=100). Here 100 would be taken as the most 
suitable light value from which to calculate the exposure to 
yield a negative of average density with good detail through- 
out. 


As long as the brightness range does not exceed 128:1, the 
exposure can be made within the latitude of the film. When 
it exceeds this ratio, the photographer must decide which 
part of the scene is least important, whether to sacrifice 
detail in the highlights or shadows or both. If the shadows 
and highlights are equally important, find the geometric 
mean and use it as the best light value setting. If the 
shadows are more important, multiply the light value of 
the shadows by 10 and use this figure for the light value 
setting. Good detail will be obtained in the shadows, but 
highlights will be overexposed and blocked. When the 
highlights are more important, divide the highlight reading 
by 10 and use this figure for the light value setting on the 
meter. The highlights will be recorded with good detail, 
but shadows will be underexposed. 


A technique which is extremely useful when photographing 
scenes having an extreme brightness range is to expose for 
detail in the shadows, then develop the film less than the 
normal length of time. This procedure will reduce the 
density of the highlights and the contrast of the negative. 
It also has the effect of compressing the brightness range of 
the scene to make it fit within the latitude of the film. Many 
times this may be about the only means of making a satis- 
factory negative of a scene with an excessive brightness 
range. | 


Finding the geometric mean light value of a scene is doing 
with mathematical precision what was done by estimation 
when using the average brightness method. With that 
method a reading is made of the average brightness of the 
entire scene and then doubled or cut in half to determine 
the exposure, depending on whether the scene contained 
predominantly light or dark areas, in order to record detail 
in both shadows and highlights. There is no measurement 
of the brightness range or the light values of the shadows 
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and highlights and no assurance that the exposure will fall 
within the latitude of the film. 

The calculator dials on some meters are designed so the 
geometric mean can easily be determined by the position of 
the NORMAL exposure arrow or index marker in relation to 
limiting marks on each side of the normal arrow. The 
Weston meter, for example, has limiting marks on the cal- 
culator dial which read U and O. Areas of the scene which 
have light values lower than the U position will be under- 
exposed and areas having light values higher than the O 
position will be overexposed. To better illustrate the func- 
tion of these limiting marks, refer again to figure 10-9. In 
this particular case of exposure, the U position would be at 1 
and O position at 128 of the relative exposure values. The 
normal arrow of the calculator dial would be lined up with 16. 
The arrows of these limiting marks represent the limit of 
the latitude of the film, approximately 128:1, in relation to 
the brightness range of the scene. Light values extending 
beyond these limits will result in loss of detail in corre- 
sponding areas of the negative. 

The DARKEST OBJECT method of determining exposure is 
actually a variation of the brightness range method just 
explained. Since the range of scene brightness seldom 
exceeds 128, it is usually satisfactory to measure the light 
value of the darkest object or deepest shadow in which 
detail is desired and ignore the highlights. The light value 
obtained is multiplied by 10 and this value is used as the 
setting for the meter to calculate the exposure. For example, 
when the reading obtained from the darkest object in the 
scene is 5, the correct light value setting would be 50 
(5X10=50) to determine the exposure for the scene. It 
should be remembered that when using this method we are 
assuming the scene brightness range is not greater than 128, 
which is usually correct. However, if there is doubt as to 
the extent of the range or unless we choose to ignore the 
highlights as unimportant, the only safe procedure is to 
measure the light value of the highlights also as in the 
brightness range method. 

There are several advantages to the darkest object method 
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of determining exposure. It permits the maximum utiliza- 
tion of film speed regardless of the brightness range of the 
scene by using a minimum correct exposure for every scene. 
This produces negatives which are consistently thinner than 
normal, yet containing all the necessary detail. Hence, 
printing time is reduced and graininess kept at 8 minimum. 
Higher shutter speeds can be used and/or smaller diaphragm 
openings which reduces the possiblity of blurring the image 
of moving objects and increases the depth of field. Exposures 
can be made at levels of illumination that might ordinarily be 
considered too low for photography. 

The calculator of the Weston meter has been designed so 
exposures can be easily determined by this method without 
the necessity of multiplying the light value reading by 10. 
The limiting mark U on the calculator dial is used instead of 
the normal arrow for setting opposite the light value reading 
obtained from the darkest object. The light value is meas- 
ured from the darkest object in which detail is desired and 
the U position on the dial is set opposite this value. The 
correct exposure combination can then be read directly with- 
out any further computation. The normal arrow is not 
used at all in this method with the Weston meter. 

The BRIGHTEST OBJECT method is another variation of the 
brightness range method in which only one reading is taken 
of the brightest part of the scene. Negatives made by this 
method, although correctly exposed, will all tend toward 
maximum density, thus eliminating most of the advantages 
of the darkest object method. It is, therefore, not recom- 
mended as the best method for normal use. It should only 
be used when the level of illumination is so low that the value 
of light reflected from the darkest object cannot be measured 
accurately, or when the highlights are the most important 
part of the scene and detail must be preserved in them. 

This method is most useful when photographing poorly 
lighted interiors, dark ravines or wooded areas, and other 
subjects where the light reflected from the dark areas is only 
about one candle per square foot. Most meters are not 
sensitive enough to measure such low intensities with the 
necessary degree of accuracy. It is also useful when it is 
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inconvenient to take a reading from the darkest part of the 
scene or when it is essential to record detail in the highlights, 
even at the expense of the shadows. To take a reading by 
the brightest object method, hold the meter near the brightest 
object in which detail is desired, excluding light from other 
parts of the scene. The light value is divided by 10 and this 
figure used as the best setting on the calculator dial for 
‘determining the exposure. As with the darkest object 
method, it is assumed that the brightness range will not 
exceed 128:1. If the range is greater, detail will be lost in 
the shadows. 

The calculator of the Weston meter is also designed for 
easy use with this method. In this case the limiting mark 
O is used instead of the normal arrow for setting opposite the 
light value of the brightest object. Thus, it is unnecessary 
to divide the light value by 10 when using the Weston meter, 
and the exposure combination can be read directly. 

The SUBSTITUTION METHOD of determining exposure is 
simply. the process of substituting an object from which to 
take a reading when a reading cannot be taken in the usual 
manner. This method is useful when it is difficult to ap- 
proach the subject close enough for a reading, such as in 
rugged terrain or because of distance or a barrier of water 
between the camera and the subject.. It can be applied to 
small areas within a scene, either light or dark objects, or to 
an entire scene. In normal use a meter should be held close 
enough to the principal object or scene to exclude all light 
except that which is reflected from the specific area being 
measured. Many times it will be impractical to do this. 
In which case, an object which has approximately the same 
brightness can be substituted for a very bright object or the 
back of the hand can be substituted for determining the light 
value of flesh tones as in portraits or group photography. 
If the shadows are important but cannot easily be measured, 
a light value reading can be taken of one’s own shadow with 
sufficient accuracy for good detail in the shadows. 

Occasionally it will be desirable to determine the exposure 
by the darkest object method because of the importance of 
the shadows, but the illumination is too low in the shadows 


450 


for an accurate reading from a dark colored object. In such 
cases an approximate light value can be determined by the 
following substitution method: Take the dark colored object 
or a similar one into the sunlight and obtain a reading. 
Then take a reading from a bright object, such as a handker- 
chief or piece of paper, in the same location. The ratio of 
these two readings will establish the ratio of the reflectance 
between the bright and dark object. For example, if the 
bright object measured 100 candles per square foot and the 
dark object 10, the ratio of these readings is 100:10 or 10. 
In other words, the bright object reflects 10 times as much 
light as the dark object. Now take the bright object into 
the shadows in the same relative position occupied by the 
dark object and take another reading. If this reading is 5, 
then it is reasonable to assume that the dark object will still 
reflect only %> as much light as the bright one and would, 
therefore, have a light value of % candle per square foot. 

The degree of success in using a photoelectric meter to 
determine exposures by any of the above methods will 
depend on the familiarity of the photographer with the instru- 
ment, his experience and skill, and the care with which the 
meter is used. 


Using the Meter 


The principle of operation of each of the three meters 
under discussion is basically the same. The film exposure 
index and the light value reading are set up on the calculator 
dials and the exposure in terms of f/stop and shutter speed 
are shown opposite each other in numerous combinations. 

The first step in using the Weston and General Electric 
meters is to set the calculator dial to the number corres- 
ponding to the exposure index of the film. The film speed 
is set on the calculator of the Weston by depressing the 
locking button near the end of the meter (fig. 10-10 (A) ) and 
rotating the dial until the number corresponding to the film 
exposure index is shown in the window (fig. 10-10 (B) ). 
The setting is made on the General Electric meter by in- 
serting a thumbnail under the film index pointer (fig. 10-11 
(A) ) and lifting it slightly while turning the dial to the film 
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index number. Once this setting is made, it need not be 
changed as long as film of this particular speed rating is used. 
The exposure index of the film is not set on the De Jur 
meter until after a light reading of the scene has been made. 

The next step is to direct the meter at the scene to be 
photographed and obtain a light value reading. Usually 
this reading will be taken from or near the camera position. 
Here, it is quite helpful to know the acceptance angle of the 
meter. The reading should be taken from a position which 
will include only the area to be covered in the photograph. 
Hold the meter near eye level with the photoelectric cell 
directed at or near the center of the scene. Do not hold the 
meter so that light from the sun, auxiliary lights, or large, 
highly reflective surfaces can reach the cell directly. Avoid 
including more sky than necessary by directing the meter 
slightly downward. Be particularly careful not to obstruct 
or interfere with light which should reach the cell. 

The last step is to set the light value reading on the calcu- 
lator dial. Then select the desired combination of f/stop and 
shutter speed from those indicated on the dials. On the 
Weston meter this is done by setting the large arrow so it 
points to the light value reading obtained. With the General 
Electric meter, the arrow on the outer dial which identifies 
the method of taking the reading (Cover CLosED, CovER 
Oren, or Dim Licur Hoop Orr) is set opposite the light 
value reading. The setting of the De Jur calculator is 
slightly different and somewhat simplified in that the only 
setting required is to set the film exposure index opposite 
the light value reading. Since the film exposure index is not 
set on the De Jur meter prior to taking a reading as with 
other meters, one step in the operation of the meter is 
eliminated. 

There are many more shutter speeds and aperture num- 
bers on the meter calculator dials than are found on any one 
make of camera. These calculators were designed to make 
the meter convenient for use with every standard type of 
domestic and foreign camera by including practically every 
f/stop and shutter speed found on them. Select and use only 
those combinations which are marked on your camera and 
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disregard the others. Remember that intermediate shutter 
speeds cannot be obtained by setting the index between two 
marked speeds on the shutter housing. However, should 
the meter indicate a diaphragm setting which is not marked 
on the lens, the index may be set between two marked f/stops 
for an intermediate setting or it may be set to the nearest 
f/number. 


Preventive Maintenance 


There is little or no deterioration of the barrier-layer type 
of photoelectric cell, so far as is known, provided the meter 
is given reasonable care. Hence the life of an exposure meter 
appears to be limited mostly by physical damage. The 
twin enemies of any photoelectric meter are excessive heat 
and moisture. It should not be subjected to temperatures 
above 125° F. The glove compartment or trunk of a car is 
an extremely poor place to store a meter. The case of a 
meter is merely moistureproof, not waterproof. While it is 
perfectly all right to use a meter in a damp climate, protect 
it from the rain. | 

No periodic inspection or maintenance of an exposure 
meter is required. It is a delicate instrument like a watch 
and should receive the same careful treatment. It should 
not be tossed around carelessly or dangled like a pendulum 
at the end of the safety cord. Should the meter be subjected 
to abuse, such as accidental dropping, it should be inspected 
immediately for zero reading, balance, stickiness, and cali- 
bration. The glass window covering the photoelectric cell 
should be clean before testing the meter for possible damage, 
since any dirt or other obstruction will absorb light and 
cause an incorrect reading. 

A field check can be made very satisfactorily with meters 
calibrated in candles per square foot. If there is doubt as to 
whether it is reading correctly, take a reading of a clear 
north sky anytime between 1000 and 1400. Direct the 
meter at the sky about 45 degrees above the horizon; it 
should read approximately 320 candles per square foot. 
Smoke, haze, or dust particles in the atmosphere will alter 
the reading somewhat, but if the meter reads between 250 
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and 400, it can be relied upon for reasonably correct light 
measurements. . 

To operate correctly, the exposure meter must read zero 
when no light strikes the light-sensitive cell. Nearly all 
meters have an adjustment for resetting the indicator of the 
instrument at zero if it becomes necessary. Cover the glass 
window over the photoelectric cell with some opaque ma- 
terial. The meter should be supported in a horizontal posi- 
tion so that the light value scale and indicator are horizontal. 
This is the natural balance position of the indicator, thus 
offering less friction in the jewel mounting and being less 
affected by gravity. If the indicator does not come to rest 
directly over the zero position, rotate the adjusting screw 
(Weston and De Jur) or move the zero set lever up or down 
(General Electric) until the indicator rests over the zero 
position on the scale. 

The balance can be checked while the photoelectric cell is 
still covered by holding the meter in a vertical position. 
Rotate the meter slowly in a clockwise direction until the 
indicator is pointing straight up and observe its position in 
relation to the zero point on the scale. It should line up 
within plus or minus 0.025 inch. The meter should then be 
slowly rotated 90 degrees in a counterclockwise direction 
until the indicator is in a horizontal position. Again it 
should line up within plus or minus 0.025 inch of the zero 
position on the scale. A third balance check can be made 
halfway between these two positions, that is, with the indi- 
cator at a 45-degree angle. Should this test indicate that 
the balance is not correct, the meter should be disassembled 
by a competent repairman and the position of the balance- 
weight on the armature counterweight arm readjusted. 

To check the movement of the indicator for stickiness, the 
photoelectric cell should be completely covered and then 
slowly uncovered, gradually allowing more light to enter the 
cell. This will cause the indicator to move slowly from zero 
to a full scale reading. The cell should then be recovered 
slowly so that the indicator will go from full scale reading 
back down to zero. During this swing of the indicator up 
and down the scale, it should move freely with no sign of 
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irregularity or stickiness. Should the indicator fail to swing 
smoothly and freely, some particle is obstructing its move- 
ment. The meter should be disassembled by a competent 
repairman and the obstruction removed from the air gap in 
which the armature rotates. If no particles are found in the 
air gap to obstruct the movement of the indicator, then 
stickiness may be due to damaged jewel bearings, inadequate 
clearance of the shaft by the bearings, or the armature or 
indicator may be rubbing against some stationary part of 
the instrument. 

After tests have been made for zero position, balance, and 
stickiness, the meter should be checked for calibration. 
The most simple method is to check it against readings ob- 
tained with another meter of known accuracy. The most 
accurate method, however, is to check at least two points on 
the scale by measuring a known level of illumination. To 
really be accurate in calibrating a meter, the intensity and 
color temperature of the light source should be known and 
the tests made at specific room temperatures. 

The glass .window which covers the photoelectric cell 
should be kept clean. When cleaning the glass, contact with 
the hands or clothing, particularly during dry cold weather, 
may build up a charge of static electricity. This charge will 
attract the indicator and cause erroneous readings. The 
charge can be easily eliminated from the glass by breathing 
upon it lightly. 

The exposure meter has been designed so that no lubrica- 
tion is required on any part of the instrument. Moving 
parts have been set in jewel bearings similar to a watch and 
enclosed in a moistureproof case. Lubrication would cause 
the instrument to be sluggish and inaccurate in measuring 
light values. It should be handled with care and kept in its 
protective leather case when not in use. 


CORRECT EXPOSURE 


Fortunately, film manufacturers have given us a product 
which is amazingly consistent in results and will still produce 
a good picture in many cases even though the film has not 
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received a normal exposure. Although it is impossible to 
reproduce every tone of a scene so that it retains its exact 
relative degree of brightness to all other tones, photographic 
materials are capable of so nearly attaining this ideal that the 
eye will accept the print as being a faithful reproduction of 
the scene. 

The print is just the reverse of a negative. It may then 
actually be considered as a negative of a negative; that is, 
the brightness values of the original scene which were re- 
versed by the negative have been reversed again by the print 
or positive to their original values.. Within the limits of the 
emulsion, the print will produce an almost exact reversal of 
the various tones or densities of the negative. It is impera- 
tive, then, that the negative be as nearly as possible an exact 
reversal of the tones in the original scene if a true reproduc- 
tion is to be achieved. This situation can exist only when 
the negative has received a correct exposure. 

Referring to figure 10-9, the latitude of the film determines 
the region of correct exposure. As long as the exposure falls 
within this range, each tonal value of the subject will be 
correctly reproduced. Detail will be obtained throughout 
all brightnesses and each tone will retain its proper brightness 
relationship to all other tones. However, if any part of the 
scene causes the film to receive more exposure than encom- 
passed by this range, that part will be overexposed and will 
not have the proper contrast relationship to other parts of 
the scene. Likewise, any part of the scene which falls within 
the region of underexposure will not retain its relative 
brightness to other parts of the scene which are correctly 
exposed. Although negatives which have certain portions 
of the scene either overexposed or underexposed to a small 
degree may make a usable print, the picture would have 
been much better with correct exposure. 

Correct exposure does not imply that there is only one 
possible exposure for each scene. Most scenes have a bright- 
ness range much shorter than the latitude of the film. In 
these cases there are several different degrees of exposure 
which will result in correct reproduction of every tone in the 
scene. For example, a scene having a brightness range of 
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30:1 might be as correctly exposed with 1/100 at f/11 as 
with 1/100 at f/22; that is, every tone in the scene in each 
instance would be exposed within the latitude of the film and 
would retain its relative brightness to every other tone in 
the scene. Obviously the overall density of such negatives, 
would vary considerably—one being relatively thin and the 
other somewhat dense. Yet prints made from these nega- 
tives would appear identical, the only difference being the 
time required for exposing the print. Scenes having a 
shorter brightness range would have even a greater range of 
exposures possible, any one of which would be correct. 
However, when a scene has a brightness range of 128:1 there 
is only one correct exposure available. 


Normal Exposure 


In the preceding paragraph, an example was used where 
two negatives were exposed to the same scene, one at f/11 
and the other at f/22. If each of these negatives barely fell 
within the region of correct exposure, one being thin and the 
other dense, we would not consider either one as being of 
AVERAGE density or as having received a normal exposure. 
Now, if we expose another negative midway between these 
two (1/100 at f/16), this would be considered a normal expo- 
sure and the negative would be of average density. Normal 
exposure, then, is nothing more than exposing all negatives 
so that they will have a consistent, average density. This 
is what the exposure meter attempts to indicate when a 
reading is taken by the average brightness method and which 
is obtained with mathematical precision by the brightness 
range method of determining exposure. 

Naturally, the range of densities in several negatives will 
vary according to the brightness range of the various scenes. 
A scene of 5:1 will produce a very short density range in a 
negative, while one of 128:1 will produce densities in a nega- 
tive ranging from almost clear film to nearly the maximum 
density of which the film is capable. 


Latitude 


The amount of deviation from a normal exposure which 
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can be tolerated will vary from one scene to another accord- 
ing to the brightness range and the type of film being used. 
This deviation is frequently referred to as LATITUDE OF 
EXPOSURE since all tones in the scene fall within the latitude 
of the film or region of correct exposure. Certain scenes 
have such a great range of brightnesses or contrast that no 
deviation from a normal exposure can be tolerated. Others, 
with a limited brightness range, will permit considerable 
deviation or latitude in exposure and still produce correct 
or normal exposures. 

Various types of film also vary to a great extent as to the 
range of brightnesses which they are able to record in their 
true relationship. This characteristic of film, its ability to 
record a particular brightness range, is referred to as the 

latitude of the film. Frequently, when speaking of a film 
- with a wide latitude, that is, capable of recording a great 
range of brightness, it is called a LONG scaLe film. Simi- 
larly, one which can record only a very limited range of 
brightness is called a sHorRT SCALE film. 

An ordinary long scale film, normally used for photograph- 
ing exterior scenes, has a latitude of about 128:1. Although, 
it can photograph scenes with a greater brightness range 
than 128:1, the tones will not all be correctly reproduced. 
Furthermore, even if it were possible to record such scenes 
accurately on film, no positive material is available for print- 
ing negatives with such a great density range. 

An extremely short scale film may be able to record tones 
in their true relative value through no greater brightness 
range than 5:1. Such films are inherently contrasty and 
are useful in reproducing subject matter, such as typewritten 
material, line drawings, or a page of a book. They are not 
suitable for general photography. Due to their very limited 
latitude, the exposure for such materials is quite critical in 
order to fall within the narrow region of correct exposure. 
Thus, very little deviation from a normal exposure can be 
tolerated. 


Summation 
The average of all scenes occurring in nature has been 
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estimated to have a brightness range of approximately 26:1. 
In such cases, the scene is well within the latitude of a long 
scale film. Further, a long scale film will permit consider- 
able deviation from normal exposure and still reproduce 
every tone in the subject correctly. However, many scenes 
in nature have a much greater brightness range. The 
shadows beneath an umbrella as compared with the white 
sand of a beach in bright sunlight may very well have a dif- 
ference of as much as 1:1000. Such scenes really offer the 
greatest problem in exposure. 

The human eye is extremely inaccurate in the process of 
determining exposure. It is such a remarkable mechanism 
that it has difficulty in recognizing the problems which are 
important to the film. The pupil of the eye opens or closes 
as necessary to compensate for extreme differences in bright- 
ness values. We can read a newspaper in bright sunlight 
or bright moonlight, even though there may be a measured 
difference in illumination of almost a million to one. Ex- 
tensive training and experience will enable the human eye 
to estimate roughly both the intensity of light and the range 
of brightness of a scene. This is inadequate, however, to 
achieve the accuracy necessary to consistently expose film 
correctly. An exposure meter is far more accurate than the 
human eye for the purpose of determining exposure. The 
“eye” of the meter stays open all the time to tell the exact 
intensity of light. 

The exposure latitude of modern negative making materials 
will usually take care of a considerable error in exposure, but 
will not tolerate carelessness. To use any film to the best 
advantage, it is necessary to know the correct exposure 
required. It is also necessary to develop the film according 
to the recommendations of the manufacturer. Film speed 
values and, consequently, exposure are dependent on the 
film being processed according to instructions. Developing 
in other than the recommended solution may result in an 
apparent gain or loss in film speed. Thus, by developing ina 
solution of unknown potential, the results will be unpredict- 
able and we are experimenting in the field of research. 

It is impossible to formulate a set of specific rules or 
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tabulate the exact exposure required for a certain subject 
under each possible lighting condition. The best that can 
be done is to generalize and approximate. Each photog- 
rapher may have his own personal concept of how the sub- 
ject can best be reproduced and this may vary somewhat from 
the opinion of another. Another reason why each person 
does not necessarily use the same exposure is because of 
differences in equipment. 

Exposure meters may vary slightly in their calibration, 
lenses may vary considerably in the percentage of light 
transmitted, and the actual speed of operation of the shutter 
may not be the same as the speed indicated on the shutter 
housing. For these reasons it is not unusual to obtain nega- 
tives varying considerably in density when exposed in differ- 
ent cameras, even though the same indicated shutter speed 
and f/number was used with each one. Hence, it is neces- 
sary for the serious photographer to make a series of practical 
tests with his equipment and determine or account for these 
possible variations. In this manner ‘normals’ can be 
established by which the most desirable density can be con- 
sistently obtained in negatives. 
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QUIZ 


. The word EXPOSURE denotes 


a. shutter speed of the camera 

b. f/stop used on the lens 

c. the amount of light that reaches the emulsion 
d. the strength of the reflected light 


. Color of the illumination falling on the subject must be considered 
in determining the exposure for all types of film, but is least impor- 
tant when using ______ film. 

a. panchromatic 

b. orthonon 

c. orthochromatic 

d. light-sensitive 


. When taking pictures as much as five hours before or after noon, 
the exposure should be increased to compensate for the deficiency 
of ________ light. 

a. blue 

b. red 

c. green 

d. yellow 


. The subject being photographed appears brightest and reflects the 
most light into the camera when the source of illumination is 

a. behind the camera 

b. behind the subject 

c. at a 45° angle to the camera 

d. at a 90° angle to the camera 


. A film with a speed rating of 100 is half as sensitive to light as a 
film with a speed of | 

a. 50 

b. 25 

c. 400 

d. 200 


. The speed rating of panchromatic materials with tungsten light is 
approximately ___________ of its speed in daylight. 
a. 


M 
b. 3 


a OF 


i 


c. 
d. } 


wo 


462 


Ve 


aa 


CE} GRC DET. 
GENERAL LIBRARY 


A 


PLEASE DO NOT WRITE IN THIS SP 


) 


AME (PRI 


UNIVERSITY OF CALIFORNIA 





sth lens, focused 
e indicated stop 


TR V6 acca Graflen 
IY 7Y> 








c? 
TRS Plats Anrnsc ! 
rH 
CT al xa ids at f/32 what 


ss 








, and no 
ange readings. 





sortant consider- 


am | 
> 
P| 
ro) 
w 
ad 
- 
Pane 
< < 
- e 
~- n nost important, 
w 
= 
< 
S z 
: © > 
: = e should choose 


See ONLY FOR HOLD me 
is GE 


be subjected to 


QUIZ 


. The word EXPOSURE denotes 


a. shutter speed of the camera 

b. f/stop used on the lens 

c. the amount of light that reaches the emulsion 
d. the strength of the reflected light 


. Color of the illumination falling on the subject must be considered 
in determining the exposure for all types of film, but is least impor- 
tant when using ________ film. 

a. panchromatic 

b. orthonon 

c. orthochromatic 

d. light-sensitive 


. When taking pictures as much as five hours before or after noon, 
the exposure should be increased to compensate for the deficiency 
of _______ light... 

a. blue 

b. red 

c. green 

d. yellow 


. The subject being photographed appears brightest and reflects the 
most light into the camera when the source of illumination is 

a. behind the camera 

b. behind the subject 

c. at a 45° angle to the camera 

d. at a 90° angle to the camera 


. A film with a speed rating of 100 is half as sensitive to light as a 
film with a speed of | 

a. 50 

b. 25 

c. 400 

d. 200 


. The speed rating of panchromatic materials with tungsten light is 
approximately ___________ of its speed in daylight. 
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10. 


11. 


12. 


13. 


. If you are using a camera with a 6-inch focal length lens, focused 


so that the lens-to-film distance is 24 inches and the indicated stop 
is f/16, what is the approximate effective f/number? 

a. £/16 

b. £/22 

c. £/32 

d. f/45 


. If you have an exposure meter reading of 8 seconds at f/32 what 


should your exposure be at f/4.5? 
a. 1 second 
b. 1/50 second 
c. 1/25 second 
d. 1/100 second 


The Weston exposure meter readings are in _______, and no 
conversion factor is necessary to take brightness range readings. 

a. candles per square foot 

b. direct foot candles 

c. direct candle power values 

d. arbitrary units 


When photographing a moving object, the most important consider- 
ation for stopping motion is 

a. film speed 

b. diaphragm opening 

c. shutter speed 

d. focal length of lens 


When taking a photograph and depth of field is most important, 
greatest consideration should be placed on 

a. film speed 

b. diaphragm opening 

c. shutter speed 

d. focal length of lens 


In choosing an exposure meter for general use, one should choose 
a meter with an angle of acceptance of not more than 

a. 120 degrees 

b. 90 degrees 

c. 60 degrees 

d. 30 degrees 


An exposure meter should under no conditions be subjected to 
temperature over 

110° F. 

125° F. 

130° F. 

140° F. 
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14, 


15. 


16. 


17. 


18. 


19. 


20. 


An incident light meter reading is taken from 


a. light reflected off the subject 

b. transmitted light 

c. subject position toward camera 
d. camera position toward subject 


The galvanometer in an exposure meter is activated by 


&. vacuum 
b. liquids 

c. battery power 
d. electron motion 


If the light from a photoflood lamp registered on an exposure 
meter 400 candle power at 2 feet from the lamp, the same light 
at 8 feet from the lamp would register on the meter as 


a. 150 ¢. p. 
b. 100 ¢. p. 
c. 50 ¢. p. 
d. 25 c. p. 


When photographing a blueprint, the meter reading should be 
taken from 

a. a grey card 

b. a white card 

c. the blueprint 

d. a blue background 


The most accurate and useful of the various methods of determining 
exposure is 

a. brightness range 

b. average brightness 

c. darkest object 

d. brightest object 


The range of light values from the brightest to the darkest part 
of the scene is termed scene 


a. latitude 

b. tonal range 

c. brightness range 
d. contrast 


If the high reading from a scene is 60 units and the low is 4 units 
where on the exposure calculator should the arrow be set? 


. 10 units 
. 15 units 
. 20 units 
. 25 units 


Rot bf 
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CHAPTER. 





THE PRESS CAMERA 
THE 4 X 5 GRAPHIC 


The CAMERA OBSCURA was the first device used to produce 
a likeness inside a darkened box of an object stationed out- 
side the box. From this crude beginning, the view camera 
was developed, and photography was established as a pro- 
fession. Although modern cameras bear little resemblance 
to the first view camera, they are direct descendants and 
represent all of the gradually accumulated improvements, 
refinements, and features to meet the specific requirements 
of photographers. Although the original camera was de- 
signed more as a novelty to produce a likeness, it has been 
developed from a simple dark box into an elaborate preci- 
sion instrument. As photography has reached into more 
and more specialized fields, certain features have been de- 
signed into each camera to make it into a specialized tool 
for a specific field. The modern view camera with its nu- 
merous features and controls is especially adapted to do gen- 
eral photography such as landscapes, architectural and 
pictorial, where fine quality pictures are more important 
than the speed of operation. The Graphic camera is es- 
sentially a view camera, stripped of some of its features, 
but provided with many others, which permit its rapid 
and effective operation under unusual and adverse condi- 
tions. It is a modern version of the portable, folding, hand- 
held camera to which has been added such features as the 
synchronized flash and the focal plane shutter. 

The Graphic grew from its prototype to meet the exacting 
demands of the press photographer. The news cameraman 
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had to get what he saw, when and where it happened, and 
on a moments notice. The Graphic has become so intimately 
associated with the work of the press that it is practically 
a symbol for the news photographer. This does not mean 
that the Graphic cannot be used for purposes other than 
press photography. On the contrary, it is a most flexible 
and versatile camera, well suited to other types of work. 
It can easily be adapted to copying, portraiture, and numer- 
ous laboratory jobs, and has many times been used effec- 
tively to take low-altitude aerial photographs. 

There are several different models and sizes of the Graphic 
camera; however, only the 4 x 5 inch size is in common use 
in the Navy. The majority of the Graphics used in the 
Navy are the ANNIVERSARY and PaceMAKER with a small 
number of the Crown models. The Crown Graphic differs 
from other models in that it has no focal plane shutter and 
has a slightly shorter bellows extension. In other respects 
all the models are similar in construction and in the opera- 
tion of their controls. Because of their similarity, the 
Pacemaker Graphic (fig. 11-1) will be discussed here. 





Figure 11-1.—The Pacemaker Graphic. 
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The Graphic’'s Features 


The camera body, when closed, is a rectangular-shaped 
box, made substantially of well-seasoned, carefully ma- 
chined Honduras mahogany, rigidly reinforced internally 
with metal brackets and plates. It is covered with black 
plastic to give it additional protection and a neat appearance. 
When opened, the front of the box drops down to become 
the camera bed, supporting the front standard, lens, and 
bellows. The camera can be opened and readied for picture 
taking so quickly that it has truly earned the name SprED 
Grapuic. Models prior to the Pacemaker were universally 
known as the Speed Graphic. 


The Pacemaker has two tripod sockets so that the camera 
may be placed on a tripod to take time exposures and to 
compose scenes on the ground glass. There are three models 
of the camera, each with different focal length Lensrs. The 
three lenses are the 127mm, 135mm, and the 152mm. The 
lenses are mounted on @ DETACHABLE LENS BOARD, and may 
be interchanged. The lenses are mounted in a BETWEEN- 
THE-LENS shutter. 


The camera will be equipped with one of three types of 
Backs to hold the film and the focusing panel. They are 
the Grapuic, GRAFLEX, and Grar.tock backs. The camera 
also has a FOCAL PLANE SHUTTER which is mounted in the 
body of the camera, and has speeds up to 1/1000 second. 
Both the front and back shutter can be manually tripped 
from the same release lever, which is located on the body 
of the camera. 


There are three methods of rocusine the Pacemaker, 
the GROUND GLASS FOCUSING PANEL, the RANGEFINDER, 
and the FOCUSING SCALE on the camera bed. The front 
standard on which the lens board is mounted, is provided 
with a RISING FRONT to raise or lower the lens from the 
optical axis. It also has a LATERAL SHIFT whereby the lens 
‘can beshifted to either side of center. The front standard 
may be TILTED forward or backward to bring vertical lines 
into the same plane. When using the Pacemaker with a 
wide angle lens, the camera has provisions for DROPPING 
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the camera bed below its normal 90-degree angle, so the 
bed will not be photographed. 

For making copies with the Pacemaker, it has pouBLE 
EXTENSION BELLOWS. The front and back shutters have 
BUILT-IN SYNCHRONIZATION for flash photography. The 
camera is provided with a FIBER CARRYING CASE for con- 
venient storage of the camera and all its accessories. (See 
fig. 11-2.) 





Figure 11-2.—Camera carrying case. | 


Features of the Shutters 


GRAPHEX.—The Graphex shutter (fig. 11-3) is a between- 
the-lens shutter mounted in a housing which contains the 
diaphragm and shutter blades. The light-restricting parts 
of the shutter mechanism consist essentially of several thin 
overlapping blades located between the front and rear 
elements of the lens. These blades spring open to allow 
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Figure 11-3.—Graphex shutter. 


light to pass through the lens to the film, remain open for 
the preset interval of exposure, and then spring shut, cutting 
off the light again. The shutter speeds, which are B, T, 1, 
2, 5, 10, 25, 50, 100, 200, and 400 second, are set by rotating 
the speed control ring (1) so the desired speed is opposite 
the pointer (2). The diaphragm, which has f/stops from f/ 
4.7 to f/32, is set by moving the pointer (3) until it is opposite 
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the desired f/stop. The shutter is cocked by moving the 
shutter setting lever (4) to the right until it clicks into place. 
To make the exposure, press down on the release lever (5). 
The shutter can also be released by inserting a cable release 
into the cable release socket (6). Other methods of releasing 
the shutter will be described under the section ‘Camera 
Operation.”’ The shutter has a press Frocus feature which 
allows the shutter to be opened at any speed and to be left 
open for focusing on the ground glass. To operate, press 
down on the press focus button (7). This will open the 
shutter. To close the shutter push up on the button. The 
shutter also has provision for flash synchronization which 
will be described under the section on “Principles of Flash 
Photography.” 


SUPERMATIC.—The Supermatic shutter (fig. 11-4) is simi- 
lar to the Graphex shutter in construction and operation, 
the only difference being the method of operation. There 
are two models of the Supermatic shutter, the FLasH SuUPER- 
MATIC and the SupermMatic X. The principal difference 
between them is that one has a built-in adjustable delay 
mechanism for flash synchronization while the other does 
not. They can be readily identified by the name on the 
shutter faceplate. To operate the Supermatic shutter set 
the shutter speed by rotating the speed ring control (1) until 
the desired speed is opposite the pointer (2). It will be 
noted that there are two pointers, one is used on the slow 
speed scale, the other on the high speed scale. The shutter 
is set by pulling up on the shutter setting lever (3). To 
release the shutter push down on the release lever (4). 
Other methods of releasing will be described in the section 
‘‘Camera Operation.”’ 


This shutter also has the press focus feature. To use it, 
cock the shutter at any speed, press down on the press focus 
button (5), and while holding down on the button, release 
the shutter. To close the shutter, recock the shutter with 
the shutter setting lever (3). The diaphragm, which has 
f/stops from f/4.7 to f/32, is set by moving the pointer to 
the desired f/stop. 
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Figure 11-4.—Supermatic shutter. 


FocaL PLANE SHUTTER.—The focal plane shutter consists 
of a lightproof rubberized cloth curtain having four rectan- 
gular openings or slits of different widths. It is housed 
entirely within the camera body and is mounted on two 
rollers, one at the top and one at the bottom. As the 
curtain is moved from one roller to the other by spring 
tension, the selected opening passes in front of the film at 
the focal plane, permitting light to pass from the lens to the 
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film. After the opening has passed the film, movement of 
the curtain is stopped and a lightproof section of the curtain 
prevents additional light from reaching the film. The in- 
terval of exposure is varied by the width of the opening 
selected and the speed with which it is moved in front of 
the film. Three of the openings can be made to pass in 
front of the film at either of two different rates of speed, 
thus providing six different shutter speeds. . They are 30, 
50, 125, 250, 500 and 1000 second. The fourth opening in 
the curtain is the largest and is not moved in front of the 
film to make an exposure like the others. It remains in the 
O (open) position for ground glass focusing, making time 
exposures, and when using the front shutter. 

Controls for the focal plane shutter are located on the 
right side of the camera body. (See fig. 11-5.) The shutter 
speed is set by turning the winding key (1) and positioning 
the speed control lever (2) until the desired speed appears 
on the focal plane shutter speed setting indicator window (3). 





Figure 11-5.—Focal plane shutter controls. 
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Shutter speeds may be changed by moving the speed control 
lever toward the front or the back of the camera, turning 
the large winding key to a higher speed, or by tripping the 
shutter and allowing it to run down to a slower speed. 
_ Because one of the curtain slits passes in front of the picture 
aperture every time the curtain is moved, it is nece:.sary to 
protect film from exposure by inserting the dark slide when 
changing the exposure setting. Be sure that the front shut- 
ter is set on T (time) and opened before attempting to make 
an exposure with the focal plane shutter. 

Bopy RELEASE LEVER.—Both the front and back shutters 
can be manually tripped from the same release lever. The 
built-in body release lever (4) is located near the lower right 
corner at the front of the camera body. This convenient 
location makes it possible to selectively trip either shutter 
by squeezing the release lever with the right forefinger while 
holding the camera firmly with both hands. A shutter 
selector slide (5) on the right side of the camera body permits 
selection of the shutter to be operated. When the slide 





Figure 11-6.—Shutter release controls. 
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selector is in the central position with the raised portion 
opposite the Back, the focal plane shutter will be tripped 
by pressing the body release lever. When the slide is all 
the way down opposite the word Front, the between-the- 
lens shutter will be operated by pressing the body release. 
Moving the slide up to the word Trip will cause the focal 
plane curtain to run down to the next slower speed, affording 
one additional means of releasing the focal plane shutter. 
To move the selector slide upward, press in on the lower 
half of the slide and push up. To move the selector down, 
press in on the upper part of the slide and push down. 

A cable transmits pressure from the body release lever to 
a plunger rod (1, fig. 11-6) on the right front of the front 
standard. A release Jever arm (2) attached to the plunger 
rod actuates the shutter release lever (3). 


Film Accessories 


Four types of film holding devices are available for the 
Speed Graphic cameras. They are the cUT FILM HOLDERS, 
CUT FILM MAGAZINE, GRAFMATIC HOLDER, and the FILM PACK 
ADAPTER. One type will have advantages over another when 
used for a particular type of photography. For example, if 
numerous exposures are to be made on an assignment before 
returning to the photo laboratory, a device which is light in 
weight, compact, and contains a large supply of film would 
be most convenient. Being able to change film rapidly for 
the next exposure is quite an advantage when making several 
exposures in a short period of time. On the other hand, if 
only a few exposures are to be made on an assignment, it 
may be advantageous to use a device which holds only a 
small supply of film. It is not desirable to leave film loaded 
for an appreciable length of time before exposure due to the 
possibility of dust settling on the emulsion or the film be- 
coming fogged. It is generally unsatisfactory to go on an 
assignment with a partially loaded film holder. 

Ordinarily, the photographer selects the type of film hold- 
ing device which is most suitable for the particular assign- 
ment or for which there is a personal preference. Speed 
Graphics are available with various types of backs to accept 
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the different types of film holders. Each type of camera back 
will accept two or more types of holders, allowing a choice of 
the one offering the most convenience. 

CuT FILM HOLDERS.—The cut film holder accepts two 
sheets of film, one in each side. It has a dark slide on each 
side to prevent light from reaching the film. There are two 
types of cut film holders, one for use with the Graflex type 
back and the other for the Graphic back. They are practically | 
identical. A slot is cut in each edge of the long dimension side 
of the Graflex holder to permit locking it on the camera. The 
Graphic holder has no slots. It is held in place on the camera 
beneath the focusing panel by the springs of the Graphic 
back. : 

Before attempting to load any type of film holder for the 
first time, practice loading it in the light until the procedure 
is learned. Cut film is packed in a box interleaved with a 
sheet of black paper and must be handled in total darkness. 
To load, remove the dark slides and place them on a table, 
turning the Bricut side of the handle upward (1, fig. 11-7). 
The bright side of the handle has raised dots (5), to assist in 
locating in the dark. Open the end flap (2) and reinove any 
dust or lint from the interior of the holder by brushing lightly 
with a camel’s hair brush. Slide the film into the slot beneath 
the metal flanges (3) on each side of the film septum. Some 
may find it easier to s..de the edge of the film under one 
flange one or two inches from the end, then form a bow or an 
arc in the film until the opposite edge will also slide under the 
flange. Handle the film by the edges onLy in order to avoid 
fingerprints and abrasions. If the film is grasped, as shown in 
figure 11-7, with the forefinger resting on the film code notch, 
it will always be loaded correctly with the emulsion side up. 
Push the film’ all the way into the holder, being certain that 
the end also slides beneath the flange (4) at the end of holder. 
If the bottom retaining flap does not fold easily and seat 
smoothly into place, the film has not been pushed all the way 
into the holder beneath the flange. Replace the dark slide 
with the BricHT side facing outward to indicate that the 
film is ready for exposure. Turn the catch or hook (6) over 
the top of the dark slide to prevent accidental withdrawal. 
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Figure 11-7.—Cut film holder. 


After exposing the film, reinsert the dark slide with the black 
side of the handle facing outward to indicate that the film has 
been exposed. Remove the holder, turn it over, and replace 
on the camera to expose the other film it contains. 

CuT FILM MAGAZINE.—The film magazine is another acces- 
sory which is occasionally used with Speed Graphics fitted 
with the GraFLEXx back. Like the cut film holder, it is loaded 
with sheets of cut film in total darkness. However, the 
magazine has two advantages over holders; it carries 12 
sheets of film, and does not have to be mamoved from the 
camera between exposures. It has provisions for shifting the 
exposed sheet of film out of the focal plane to the back of the 
magazine while another sheet is automatically moved into 
position ready for exposure. 

The magazine is a rectangular box, having at the front a 
conventional dark slide, and at the back a removable cover 
(1, fig. 11-8) to permit access to the film chamber. Pressing 
a concealed button (2) releases the catch for removing the 
cover. The chamber accommodates 12 METAL SEPTUMS (3) 
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Figure 11-8.—Cut film magazine. 


each holding one sheet of film and being numbered on the 
back 1 through 12. These numbers can be seen through a 
ruby window in the removable cover to determine how many 
exposures have been made. A spring-activated hinged cover 
(4) prevents extraneous light from entering the ruby window. 
Flat springs attached to the inside of the removable cover 
exert sufficient pressure against the septums to insure proper 
positioning of the film in the focal plane. When a film is ex- 
posed, the septum in which it is loaded is drawn up into the 
soft leather changing bag (5) by pulling the sliding rod (6) 
out as far as possible. The rod is pushed all the way back 
into the magazine so that it will be in position to change the 
next film. Grasp the septum which has just been drawn into 
the bag by the edges and gently push it down and into the 
back of the magazine behind the other septums. 

The sheets of film are loaded into the septums in practi- 
cally the same manner as in cut film holders. The film is 
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retained in the septum by a narrow flange on three sides under 
which it is inserted. It is important that the film be pushed 
as far as it will go under the end flange, otherwise the maga- 
zine may jam while shifting the film. The loaded septums 
should be placed in the chamber with the numbers facing up- 
ward in consecutive order, lowest number first, preferably 
one atatime. It is extremely important that the open end of 
each septum be at the bottom of the magazine, at the end 
opposite the changing bag. Replace the back cover, being 
positive that the spring-actuated retaining latch locks it 
securely in place. Many photographers use a slightly dif- 
ferent procedure in placing the loaded septums in the film 
chamber, inserting No. 12 first, followed by 1 through 11 in 
consecutive order. After the magazine is closed, the No. 12 
septum is drawn into the changing bag and pushed back down 
to its normal position behind No. 11, thus testing the maga- 
zine to insure that it is correctly loaded and operating 
properly. : 

Septums should always be handled carefully in loading and 
changing film. They are made of thin metal and are easily 
bent. Once bent, they are likely to give trouble and cause a 
jam when changing film. It is necessary to keep all 12 sep- 
tums in the film chamber when making an exposure. Leaving 
one out of the magazine or one in the changing bag may fail 
to produce the proper pressure by the back springs to hold 
the forward septum in the focal plane. 

GRAFMATIC HOLDER.—The Grafmatic holder is similar to 
the cut film magazine in that it contains a supply of film in 
a drawer assembly, loaded into individual septums which are 
shifted from the focal plane to the back of the film chamber 
after exposure. It has a capacity of six sheets of film. Its 
one particular advantage over the magazine is the ease and 
rapidity with which the exposed film can be shifted and 
another positioned in the focal plane. Two styles of the 
Grafmatic holder are available, one for use with the Graflok 
type back, the other fitting the conventional Graflex back. 
Although it is possible to use this holder with the Graphic 
back, it is not recommended. Since Graphic backs do not 
lock the Grafmatic securely in place, there is danger of acci- 
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Figure 11-9.—The Grafmatic holder. 


dental withdrawal of the holder while the film is being 
changed. 

Two movements are required to cycle or operate the 
Grafmatic to change film—pull the handle (1, fig. 11-9) all 
the way out and push it back again. The dark slide of this 
holder is not of the conventional type since it is not removed 
from the unit when exposing. After the holder is attached 
to the camera, the dark slide is drawn out by pulling on the 
handle, then pushed back into the chamber behind the sep- 
tum in the focal plane and in front of the next film. Thus, 
the handle must be operated twice for each complete cycle, 
once to shift the position of the dark slide and again to shift 
the exposed film out of the focal plane to the rear of the film 
chamber. 

To operate, set the exposure counter dial (2) from the X 
position to the numeral 1. This action releases the drawer 
latch (8), permitting the dark slide to be withdrawn with- 
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out pulling out the entire drawer assembly. Turn the knurled 
slide lock wheel (4) counterclockwise so that the open seg- 
ment will permit pulling the dark slide. The slide lock wheel 
must be pressed inward and held while turning. Releasing 
the pressure locks it into the set position. Pull the slide 
all the way out, then push it completely back into the com- 
partment before shooting. This action causes the first sep- 
tum to spring forward into the focal plane and a red dot (5) 
on the back of the holder to be uncovered, indicating that 
a film is in position for exposure. After exposure, or if for 
any reason the film is not to be exposed at this time, it must 
be moved to the back of the compartment and the dark slide 
again positioned in the focal plane. To do this, press the 
drawer latch down against the slide handle and pull the 
entire compartment all the way out. Release the drawer 
latch and push the handle all the way back into the holder. 
The exposure counter will move to No. 2 and the red dot 
will be hidden from view, indicating that the dark slide is 
covering the focal plane and it is safe to remove the holder 
from the camera. 

The same sequence is followed for each of the six exposures, 
first moving the handle out and back into the compartment 
to shift the dark slide, then out again while pressing the 
drawer latch and back again to shift the film in the com- 
partment. At the end of each cycling operation, the expo- 
sure counter will automatically rotate to the next higher 
number and the red dot on the back of the holder will be 
covered. After septum No. 6 has been shifted to the back 
of the compartment, the exposure counter will rotate to the 
X position, causing the drawer latch to engage the handle, 
thereby preventing further cycling and indicating that all 
of the film has been cycled through the holder. If for any 
reason one or more of the films were not exposed when 
brought into the focal plane but were shifted out of the way, 
they again may be brought into position for exposure by 
setting the exposure counter to No. 1 and by operating the 
handle until the number appears and the red dot is in view. 

When the red dot on the back of the holder is covered, 
the holder can be removed from the camera. When the 
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holder is removed from the camera, it is important the 
knurled slide lock wheel be turned clockwise until it engages 
the dark slide. This prevents accidental withdrawal. Avoid 
pulling out the film compartment when the holder is not 
on the camera, otherwise the film will be fogged. As long 
as the exposure counter is set on any number (not the X), 
the compartment cannot be pulled out unless the drawer 
latch is held down against the handle, thus preventing 
accidental opening. 

To open the Grafmatic for loading or unloading, set the 
exposure counter on a number, press the drawer latch against 
the handle, and pull the film compartment out. While hold- 
ing the compartment in this extended position, push the 
slide handle in until it releases the drawer latch, then pull 
the slide all the way out as shown in figure 11-9. Two 
springs (1, fig. 11-10) will cause the septums to pop up so 
they can be reached easily. The septums are loaded in 





Figure 11-1 0.—Loading the Grafmatic holder. 
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the same manner as those in the cut film magazine, and the 
same careful handling is essential. 

Before replacing the septums in the compartment, be sure 
that the sliding plate (2) is pushed all the way back against 
the end of the compartment, otherwise the septums will not 
be positioned properly. Hold the loaded septums by the 
edges and with the notched end (3) opposite the slide han- 
dle; place them in the compartment with the film facing 
upwards. Avoid touching the emulsion with the fingers. 
With the compartments still extended as far as possible and 
while holding the septums down inside the chamber, push 
the dark slide over them all the way into the film compart- 
ment, which is then pushed into the holder until it locks. 
Set the exposure counter on No. 1 and turn the slide lock 
wheel until it prevents the dark slide from being withdrawn. 
The Grafmatic is now ready for use. 

The knurled slide lock wheel on the end of the holder can 
be set in three different positions. When it is turned so 
that the red dot beneath it is exposed, it indicates the holder 
is loaded and ready for exposure. When set at the inter- 
mediate position, covering the red dot but preventing with- 
drawal of the slide, it indicates the holder contains exposed 
film. The other position indicates that the holder is empty 
and permits the dark slide to be withdrawn. 

There is an automatic negative wheel inside the holder 
which numbers each film to correspond with the number 
appearing on the exposure counter. Recesses have also been 
cut into the interior at each side of the holder to permit 
attaching identification tabs containing any desired informa- 
tion. The tabs should be made of clear acetate and attached 
with a drop of household cellulose acetate cement. 

FILM PACK ADAPTER.—The film pack adapter is one of the 
most useful film holding devices. It accepts a pack con- 
taining 12 pieces of film in a lightweight, metal container 
which has been loaded by the film manufacturer. The pack 
can be quickly loaded into an adapter and unloaded in 
subdued light. Although it is safe to load and unload in 
daylight, strong light or direct sunlight should be avoided. 
The adapter permits a photographer to carry a larger supply 
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of film in less space and with less weight, and exposures can 
be made in more rapid succession than with any of the other 
film holding devices. 

Two styles of the adapter are available. One is inserted 
in the Graphic back like a cut film holder; the other is locked 
on the Graflex back like a magazine. They are quite similar 
in appearance, the main difference being the projecting 
flange on each side of the long dimension of the Graflex style 
for locking in place on the camera. The style of the adapter 
is also identified by the name stamped on the back to prevent 
accidentally taking the wrong adapter. 


: 

: 
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Figure 11-11.—Film pack adapter. 





To load, press inward on both cover-release buttons (A, 
fig. 11-11) and open the hinged cover of the pack adapter. 
Unwrap the film pack, always handling by its sides, as any 
depression of the black paper at the front of the pack will 
allow light to enter and fog the film. Save the wrapper so 
that the film pack can be rewrapped after its removal from 
the adapter. Insert the pack with the black paper toward 
the dark slide and the paper tabs at the end nearest the dark 
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Figure 11-12.—Loading the film pack adapter. 


slide handle. Bend the paper tabs toward the dark slide 
handle and close the cover, allowing the tabs to protrude 
through the slot in the end of the adapter as shown in figure 
11-12. Be sure that both cover-release buttons snap into 
place when the cover is closed. : 
Information is printed on each paper tab in the film 
pack to identify the type of film and number of the film 
which is in the focal plane. The first tab (No. 0) is marked 
SAFETY COVER and must be pulled out about 5 inches and 
torn from the pack before making an exposure, because it 
serves the same purpose as a dark slide. The No. 1 film is 
now in position for exposure. After exposure, pull tab No. 
1 out to its stop and tear from the pack. This action pulls 
the exposed film from the focal plane to the back of the 
pack, bringing film No. 2 into position for exposure. After 
each consecutive exposure, pull out and tear off the numbered 
tab. After all films have been exposed and tab No. 12 pulled, 
the pack is again protected from fogging by a safety cover 
positioned in the aperture like a dark slide. It can now be 
removed from the adapter in subdued light and another 
pack quickly inserted. Thus, a large supply of film can be 
carried and exposed on one assignment since it takes up 
little space and does not require a darkroom for loading and 
unloading. If at any time the adapter is removed from the 
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camera before tab No. 12 is pulled, be sure to insert the 
dark slide to prevent fogging the film. 


Camera Operation 


To become proficient in the use of any camera, the operator 
must first have a good knowledge of its working parts and 
the function of each, its adjustments and controls, and partic- 
ularly its capabilities and limitations. Once this has been 
learned, he should develop a logical sequence of operation in 
order to speed the process of picture taking and lessen the 
possibility of mistakes. This is especially true with the 
Speed Graphic, because it is so often used on short notice to 
take several pictures in rapid succession. 

OPENING AND CLOSING THE CAMERA.—To get a firm grip 
on the camera, slip the open left hand through the carrying 
strap handle (1, fig. 11-1) on the left side. With the thumb 
of the right hand, press the bed release button (2) on the 
top left side of the camera body and catch the bed with the 
fingers to ease the drop as it falls. Bring the bed down until 
the spring-actuated bed braces (3) snap into place to lock 
the bed in its horizontal position. The bed, hinged to the 
camera body at the bottom, serves as the front door of the 
camera. When closed, it is held securely by fastener latches 
and protects the interior from dirt and damage. When the 
bed is opened, the two bed braces hold it rigidly in operating 
position. Swing the front standard lock lever (4), then pull 
the front standard (5) forward against the infinity stops (6). 
Be sure that both sides of the front standard are firmly 
against both infinity stops since this is the only position which 
permits accurate focusing by means of the rangefinder and 
focusing scales. Turn the lock lever to either right or left 
to lock the front standard in place against the infinity stops. 
The lock lever does not have to be pressed all the way back, 
simply turn until it tightens sufficiently to prevent slippage. 

The camera is now ready for focusing by rotating either of 
the two focusing knobs (7). To lock the focusing knobs in 
position so the track will not move, use the lock lever (8). 
To close the camera, be sure that the track is aLL the way 
back on the bed; if it is not, the track will be damaged when 
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the bed is closed. Then, unlock the front standard by swing- 
ing the lock lever forward. Push the entire front assembly 
back into the camera body as far as possible and again turn 
the lock lever to either side to lock it in place. Support the 
camera with both hands at the bottom corners of the body 
with the lens pointing away from the operator. Depress 
both bed braces simultaneously with the thumbs and raise the 
bed to close the front of the camera, making sure that it 
engages the bed latch and locks in the closed position. 

Focusine.—Once the front standard has been locked on 
the track at the infinity position (against the rear of the 
infinity stops), it becomes necessary to move the lens forward 
to focus on objects within infinity. This is accomplished by 
turning either of the knurled knobs at the front of the camera 
bed. There are THREE methods of determining when the 
subject matter is in sharp focus: the FocusING SCALE, the 
RANGEFINDER, and visually on the GROUND GLASS. 

Focustna scaLEs.—The focusing scales on Pacemaker 
cameras are of the modified vernier-type. (See fig. 11-13.) 
The focusing scales on earlier models of the Graphic are 
quite similar, but are of the true or complete vernier type. 
One part of the scale is fixed on the camera bed and the other 
is carried on the sliding track. The fixed part of the scale 
has lines adjacent to numbers, indicating distances in terms 
of feet. The distances indicated are measured from the film 
position (not the lens) to the subject. An arrow, engraved 
on the movable part of the scale, is set opposite the film -to- 
subject distance to focus the image sharply for distances up 
to 50 feet. For those greater distances which would have to 
be indicated by very closely spaced and hard to read lines, 
a double set of markings (vernier type) is used for quick and 
accurate focusing by matching the two identical markings. 
For example, to focus on an object at 100 feet, set the 100 
line of the movable scale opposite the 100 line on the fixed 
scale, as shown in the left view of figure 11-13. For shorter 
distances such as 15 feet, set the arrow opposite the 15 line 
as shown in the right view of figure 11-13. 

Each focusing scale has been calibrated and very accurately 
preset at the factory for each individual camera and lens 
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Figure 11-13.—Modified vernier-type focusing scale. 


combination. Using this scale with any other lens, even of 
the same make, speed, and rated focal length, may fail to 
focus the image sharply at all distances. If another lens is 
to be used interchangeably on the camera, additional infinity 
stops and focusing scales can be fitted to the camera bed. 
Depending on the actual focal lengths selected, it is possible 
to install as many as four sets of stops and scales on a single 
camera. 

To use the focusing scale accurately, the distance to the 
subject must be found by measuring with a tape measure or 
estimating the distance. Turn the focusing knobs to set the 
correct distance on the focusing scale, then lock the sliding 
track in position by swinging the lock lever out to the right. 
Be sure to unlock the track before attempting to turn the 
focusing knob, otherwise, the bed mechanism is likely to be 
damaged. Do not use the focusing scale when the bed is 
dropped or front movements of the lens are employed. 

RANGEFINDER.—The rangefinder (fig. 11-14) 1s a me- 
chanical-optical device for focusing the camera lens quickly 
and accurately at any distance. The mechanism consists of 
a fixed mirror and movable prism, cams, levers, and springs, 
which are actuated by movement of the front assembly on 
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Figure 11-14.—Operation of the rangefinder. 


the track. The mirror is silver flecked (transparent) and 
mounted at a 45-degree angle just in front of the eyepiece 
(1, fig. 11-16) to permit a direct image of the subject to be 
transmitted through it to the eye. A prism, located near the 
bottom of the rangefinder assembly, receives a second image 
of the subject and bends the light rays to throw onto the 
underside of the mirror an indirect image which is then 
transmitted to the eye. The direct image, viewed through 
the mirror, covers a wide field but loses some of its brilliance 
due to part of the light being reflected by the silver flecking. 
The indirect image, passing through the prism and being 
reflected by the mirror, is much brighter, but covers a smaller 
circular field which is centered in the area of the direct image. 
Moving the lens in and out by means of the focusing knobs 
will cause a shift in position (up or down) of the central image. 

When the camera is out of focus, the images will appear as 
shown in the left view of figure 11-15. When the camera is 
in focus, the images will appear as one, as shown in the right 
view of figure 11-15. It is easier to focus on a portion of the 
subject containing lines of good contrast which run parallel 
to the long dimension of the picture area. It is also essential 
for the photographer’s eye to be positioned so that the smaller 
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Figure 11-15.—Rangefinder focusing. 


bright image will be centered in the larger area of the range- 
finder field. 

The rangefinder will not indicate correct focus (1) when the 
camera bed is dropped, (2) the front standard is not in contact 
with the rear of the infinity stops, nor (3) when corrective 
movements of the lens are employed. If the lens in the 
camera is changed, even to one of the same focal length, the 
rangefinder must be checked and reset in synchronization with 
the new lens. 

GrRouND Giass.—Focusing visually on the ground glass, 
while slower than the other two methods, has the following 
advantages: Permits the photographer to observe the entire 
image, to see the depth of field, and to judge the composition 
exactly as it will appear on the film. Furthermore, this is 
the only method that can be used with an extended bellows 
or with corrective movements of the lens board. To use this 
method of focusing, open the lens diaphragm to its maximum 
aperture and open the shutters. Open the focusing hood by 
pressing the hood release latch (6, fig. 11-5) at the bottom 
center on the back of the camera. The four-sided metal hood 
will spring open to form a shield to exclude extraneous light 
from the ground glass as shown in figure 11-16. <A focusing 
cloth can also be used to shield the ground glass from strong 
light, providing a brighter image for focusing. The hood 
can be removed from the camera for closer examination of 
the margins and corners of the ground glass and for more 
critical focusing with a magnifier. To remove the hood, 
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Figure 11-16.—Camera back with focusing hood open. 


press outward on the hood retainer clip (2, fig. 11-16) at 
either side and lift off the hood. Focus by turning the 
focusing knobs at the front of the camera until the image on 
the ground glass is sharp. By closing the diaphragm while 
observing the ground glass, it is possible to determine the 
area of sharpness of depth of field which will be obtained at 
any given f/stop. To close the viewing hood, press inward 
on the two wings, fold the lower flap up, and while holding 
it flat, pull the top flap down until it is engaged by the hood 
release latch and locked in place. 

VIEWFINDERS.—When photographing moving objects, or 
when the photographer is moving around and does not have 
time to set the Speed Graphic on a tripod, it is impossible 
to use the ground glass to compose the scene being photo- 
graphed. By the time the scene is composed and the film 
inserted into the camera, the action will have changed. 
Therefore, some means has to be employed to compose the 


490 


SEES UE. EES oO Ge EEG eee ee a-awwr————— EE ee eS 


scene without the aid of the ground glass. This is ac- 
complished by mounting a VIEWFINDER on the camera. 

A viewfinder is a device that outlines the portion of the 
scene being photographed which the lens is projecting on the 
focal plane. Its purpose is to aid in aiming the camera at 
the subject. It cannot indicate when the image is in sharp 
focus nor show the depth of field obtained at any given f/stop. 
The RANGEFINDER Or FOCUSING SCALE will have to be em- 
ployed to bring the scene into sharp focus. Also, when two 
optical systems are placed parallel and close to each other, 
they will not cover exactly the same area of the scene. Due 
to the fact that the lens and the viewfinder are never on the 
same optical axis, an adjustment must be provided to shift 
the axis of the viewfinder so that its field will match that of 
the lens at any given distance. By this adjustment, com- 
pensation can be made for what is known as PARALLAX. 
Parallax is the difference between the view seen in a finder 
and that which will actually be photographed by the lens. 
This is especially important at close distances because the 
difference is greater. Without such an adjustment, the top 
portion of the subject as seen through the viewfinder will be 
cropped from the negative. Pictures showing people with 
the top of their head cropped off is an example of failure to 
correct for parallax. 

There are two types of direct-view sighting devices in- 
stalled on each Pacemaker, an optical and an OPEN FRAME 
viewfinder. Neither of these should be relied on to give a 
critical indication of the exact amount of subject matter to 
be included on the negative. The position and distance of 
the eye in relation to the rear element influence the area seen 
through the viewfinder, and the distance at which the lens is 
focused will alter the area included by the lens. The wearing 
of glasses may also cause a slight variation in the area seen 
through the viewfinder. 

OpTicAL VIEWFINDER.—The optical viewfinder is a nega- 
tive lens mounted in a metal box atop the Speed Graphice (1, 
fig. 11-17). It outlines the scene being projected onto the 
focal plane of the camera. By changing the mask which is 
inserted into the slot in front of the viewfinder (1, fig. 11-18) 


491 





Figure 11-17.—Optical tubular viewfinder. 


it is possible to change the field of view of the finder to cor- 
respond with the field of view of the lens being used on the 
camera. 

The optical viewfinder can be removed from the camera 
and used as a hand viewer to aid in selecting the best camera 
position. To remove the viewfinder, depress the flat spring 
(2, fig. 11-18) at the left front of the finder base and slide 
the entire assembly forward and out of its mounting shoe. 

To correct for PARALLAX the optical viewfinder can be set 
for distances of 6, 8, or 15 feet and infinity. To make the 
setting, rotate the scaled eccentric eyepiece dial (1, fig. 11-17) 
so that the number which most closely corresponds to the 
subject distance is opposite the line along the top center of 
the viewfinder tube. As shown in figure 11-17, the dial is 
set for a subject distance of 15 feet. 

OPEN FRAME FINDER.—The open frame finder (fig. 11-19) 
consists of two parts, the rear peepsight (1) and the open 
wire frame (2). When not in use, the peepsight lies hori- 
zontally on the back of the camera and the wire frame slides 
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Figure 11-18.—Optical tubular viewfinder showing removal of mask. 


down inside the lens board frame assembly so that they are 
completely out of the way. To prepare for viewing, swing 
the peepsight upward to a vertical position and pull the open 
wire frame of the finder up to its full height. Extended to 
this height, the finder is set for framing subjects at infinity. 
Parallax adjustment settings (3), visible when the open wire 
frame is extended, are located on the right leg of the frame 
just above the level of the lens board. An arrangement of 
click stops and notches (4) assists in setting the open frame 
finder so that subjects 6 feet, 15 feet, and infinity will be 
centered on the negative when they are centered in the view- 
finder, provided the photographer’s eye is centered in the 
peepsight. To adjust for parallax when photographing 
objects within infinity, push the lower cross member (5) 
down at the center so that it drops evenly into the lower 
notch on both sides, which corresponds to the subject 
distance. 

Rising Front.—When photographing a tall structure 
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Figure 11-19.—Open frame viewfinder. 


from a low viewpoint, it is often necessary to shoot upward 
at an angle in order to include all of the subject matter and 
compose it properly. If the subject is a tall building and 
has a flat vertical surface, pointing the camera upward will 
cause vertical lines to show convergence at the top instead 
of appearing parallel. This apparent convergence is simply 
a phenomenon of linear perspective as in the case of railroad 
tracks appearing to converge in the distance. Actually, this 
is a true rendering of perspective; but since we have come to 
consider that vertical parallel lines should be reproduced as 
such, we often incorrectly refer to this convergence as distor- 
tion. It is excessive linear perspective which is undesirable 
and causes a tall building to appear to be leaning backwards. 

Provision has been built into the front standard of the 
Pacemaker to allow raising the lens above the normal oper- 
ating position to avoid undesirable linear perspective. Thus, 
the camera bed can remain level and the back of the camera 
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Figure 11-20.—Rising front adjustment. 


(and film) kept parallel to the surface being photographed. 
The lens is raised to a position on the front standard which 
will allow it to include all of the subject and compose it 
properly on the ground glass. To adjust the rising front 
assembly, loosen the locknuts (1, fig. 11-20) at both sides 
of the front standard. Lift the lens from its normal bed 
position to the height required to center the image of the 
subject on the ground glass and tighten the locknuts. 

The focusing scales, rangefinder, and viewfinders are 
designed for use only when the lens is in its normal bed 
position, centered in respect to the film. Therefore, the 
ground glass must be used for focusing and composing at 
any time the lens is displaced from its normal position. 
The lens is centered in relation to the film only when the 
two rising front locknuts are at the bottom of their slots. 
Be sure the lens is centered and locked in place before closing 
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the camera. The lens of the Anniversary model can be 
lowered below normal bed position as well as raised. To 
recenter the lens of the Anniversary, position the lens board 
so that its top is just flush with the top of the front standard, 
Not as far down as it will go. 

LATERAL SHIFT.—In common with the rising front move- 
ment, another lens movement, LATERAL SHIFT, 1S provided to 
assist in avoiding undesirable linear perspective and to aid 
in centering the image horizontally. Where the rising front 
is used to prevent convergence of vertical lines, the lateral 
shift performs the same function with horizontal lines and 
improves the perspective. For example, the lateral shift 
might be used to improve the perspective when photograph- 
ing a long building. A viewpoint directly in front of the 
building is usually undesirable since only one surface would 
be shown and would give no impression of the depth. Plac- 
ing the camera sufficiently to one side of the center will allow 
the side as well as the front of the building to be shown. 
However, if the camera is pointed at an angle to the front 
surface of the buildings to center the image, it will cause 
the horizontal lines at the top and bottom to show excessive 
convergence. This can be minimized by pointing the 
camera more in the direction of the corner of the building, 
keeping the lens board and camera back nearly parallel to 
the front surface, then shifting the lens laterally to center 
the image on the ground glass. 

Interestingly enough, a limited amount of convergence of 
horizontal lines is desirable since this is actually a true 
rendering of linear perspective and helps to create the illusion 
of depth in a photograph. Therefore, it should only be 
minimized, not eliminated, as in the case of vertical lines. 
Overcorrection would give the building an unnatural appear- 
ance. 

To shift the lens laterally as shown in figure 11-21, the 
front standard lock lever must be released by turning it 
straight to the front of the camera. Then depress the 
lateral shift catch (1) directly beneath the lock lever and 
move the front standard assembly to the right or left as 
desired. This spring catch, when depressed, allows the 
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Figure 11-21.—Lateral shift adjustment. 


front standard to be shifted laterally only when the lock 
lever is in its unlocked position (straight forward). When 
the lens is positioned as desired, turn the lock lever to either 
side to hold the front standard securely. Focusing and 
composing must now be done on the ground glass, as was 
done when the rising front was used, and the lens recentered 
before closing the camera. The lens is centered in relation _. 
to the film only when the lateral shift spring catch is in the 
center slot in the base of the front standard. 

It should be noted at this time that the rising front and 
lateral shift lens movements just mentioned apply to con- 
trolling vertical and horizontal linear perspective, respec- 
tively, when the camera is used in an upright position. If, 
however, the camera is placed on its side, control of linear 
perspective is still possible, but the function of these lens 
movements is transposed. The lateral shift will now serve 
as a rising and falling front adjustment to center the image 
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in the vertical plane and prevent convergence of vertical 
lines. Similarly, the rising front is then used to center the 
image in the horizontal plane and minimize convergence of 
horizontal lines. 

TILTING LENS BOARD.—A third movement of the front 
assembly of the Pacemaker (not available on the Anni- 
versary) is the tilting lens board. It may be used independ- 
ently or in combination with the other front movements. 
This feature is designed primarily as an aid in focusing when 
the principal plane of the subject is not parallel to the film 
plane and the camera is opened to its normal bed position. 
It permits bringing a greater amount of subject matter into 
sharp focus at a given f/stop than is otherwise possible. 
When the subject matter presents a single vertical plane and 
the camera is centered in front of the subject, the required 
depth of field is at a minimum and the image can be focused 
sharply at a large diaphragm opening. 

If the same subject were photographed with the camera 
pointing downward from an elevated position, the planes of 
the subject and film would not be parallel. A greater depth 
of field would be required to focus the entire surface sharply, 
due to the difference in distances from the lens to various 
parts of the subject. To obtain a greater depth of field, the 
diaphragm would normally be closed down to a smaller 
opening. However, by tilting the lens board backward at 
the top, the image can be focused sharply without the 
necessity of using such a small diaphragm opening. 

To determine the amount and direction the lens should be 
tilted when photographing a subject whose principal plane 
is not parallel to the film plane, visualize the two planes 
projected to a point of intersection in space. Then tilt the 
lens so that the plane of the lens board, when projected, will 
pass through the point of intersection of the projected film 
and subject planes. Figure 11-22 illustrates this method of 
projecting the film and subject planes to indicate the general 
direction and amount of lens tilt required to permit focusing 
the image sharply at the largest permissible diaphragm 
opening. 

To tilt the lens board back, loosen the knurled locknuts 
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Figure 11-22.—Lens board tilted to bring a greater amount of subject matter 
into sharp focus. 


(1, fig. 11-20) on each side of the front standard. Press the 
top of the lens board backward to the désired inclination and 
tighten the locknuts. The amount of backward tilt is 
limited by slots at the bottom of the standard support as- 
sembly. The lens board should be returned to its normal 
position (parallel to the film plane) before closing the camera. 
The lens board is parallel to the film plane only when the 
tilt locknuts are at the front of their slots. The slots are 
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designed to prevent tilting the lens board forward of per- 
pendicular to the camera bed. 

Drop sEepD.—The foregoing explanation of the front move- 
ments of the Pacemaker may have appeared incomplete 
to those familiar with the camera, or created a doubt in the 
minds of others that a sufficient number of movements 
existed. It was explained that the rising front permitted 
centering the image without tilting the camera upward 
when making photographs of a tall object from a low view- 
point, thus preventing undesirable linear perspective by the 
convergence of vertical lines. However, the lens can only 
be raised on the standard, not lowered, and be centered in 
relation to the film only when the rising front locknuts are 
at the bottom of their slots. Hence, the question would 
arise, ‘‘How can the image be centered when shooting from 
an elevated position without tilting the camera down?’’ 
Similarly, it was explained that the lens board could be 
tilted backward but not forward. How, then, can the lens 
be tilted forward to increase the depth of field when the 
principal plane of the subject is inclined away from the 
camera at the top, rather than toward it, as would be the 
case in shooting downward on a large horizontal area? 
These movements, falling front and forward tilt of the lens 
board, are actually provided on the Pacemaker and are 
accomplished by dropping the bed of the camera below its 
normal horizontal position as shown in figure 11-23. 

To drop the bed below its horizontal position, open the 
camera in the normal manner. Pull the front assembly out 
on the track to the approximate focus and lock the front 
standard. There are two reasons for pulling the lens out 
on the track to the approximate focus before dropping the 
bed. First, the angle made in the hinged track when the 
bed is dropped would prevent pulling the front assembly out 
of the camera body; and second, although the lens can be 
moved on the track by the focusing knobs when the bed is 
dropped, the distance it can be moved in or out is less than 
when the bed is in the normal position. Depress both bed 
braces in the same manner as when closing the camera and 
push-the bed down until the braces snap into the LOWER 
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Figure 11-23.—Lens tilted forward by dropping camera bed. 


LOCKED POSITION. When the bed is dropped to the lower 
position, the lens will be tilted forward the maximum 
amount, pointing downward as though the camera were 
tilted. The lens board can then be tilted backward as desired 
until it is again parallel with the film plane as shown in 
figure 11-24. In this manner, both forward and backward 
tilt of the lens are afforded as an aid in focusing by increas- 
ing the depth of field when the planes of the film and subject 
are not parallel. 

With the bed dropped and the lens tilted backward 
parallel with the film plane (fig. 11-24), the optical axis of 
the lens is BELOW the center of the film. Thus, the image 
can be centered when shooting from an elevated position 
without tilting the camera down, thus preventing con- 
vergence of vertical lines. In effect, it provides the same 
function as did the rising front when shooting from a low 
viewpoint. Of course the lens board can be raised as 
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Figure 11-24.—Bed dropped and lens tilted back parallel to the film plane. 


necessary to center the image. When raised to its maximum 
height and with the lens tilted all the way back, the optical 
axis of the lens is centered in relation to the film as shown in 
figure 11-20. 

The drop bed feature was designed primarily to permit 
using 8 WIDE ANGIE lens. A wide angle lens is made accord- 
ing to a special design and has a shorter focal length than 
that of a lens normally designed to cover a given negative 
area. This special design, however, still enables it to cover 
the large negative area with a good sharp image. Since a 
wide angle lens has a shorter focal length and a wider angle 
of view than a normal lens, it must be placed closer to the 
film. Having a wider angle of view and being placed farther 
back on the track nearer the film, the front of the camera 
bed would most likely be included in the field of view. To 
exclude the camera bed, drop it to the lower position, tilt 
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Figure 11-25.—Bed dropped and lens raised and tilted to maximum limit. 


the lens all the way back to the vertical, then raise the lens 
as necessary to clear the bed and center the image. 

Composing and focusing must be done on the ground glass 
when using a wide angle lens since the viewfinders cover a 
smaller field and the rangefinder and focusing scales are 
matched to the normal lens. Always roll the track all the 
way back into the camera body before dropping or raising 
the bed and return all front movements of the lens to their 
normal position before closing the camera. Figure 11-26 
shows the camera equipped with a wide angle lens and the 
bed dropped clear of the field of view. 

DoUBLE EXTENSION BELLOWS.—The bellows is made of 
accordion-pleated fabric to form a collapsible, light-tight 
connection between the film and lens. The front frame of 
the bellows is attached to the lens board frame by screws, 
while the rear frame is clamped to the camera body frame. 
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Figure 11-26.—Pacemaker ready for use with wide angle lens. 


The bellows extends to a maximum of 12 inches as shown 
in figure 11-27 and contracts as the camera front is moved 
back into the body. This is approximately twice the distance 
required by a normal focal length lens. 

With the bellows extended to this point, the normal lens 
yields a full size image of the subject (1:1 ratio), enabling 
photographs to be made of small objects at close range 
without the necessity of special accessories. In addition 
to being able to do closeup work with the normal lens, the 
extra extension permits using lenses of longer focal length. 

To make use of the additional bellows extension, it is 
necessary to place the front standard ahead of the infinity 
stops on the track instead of behind them. The infinity 
stops themselves should not be moved since they have been 
accurately and carefully preset for positioning the lens at 
the proper point on the track for focusing by means of the 
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Figure 11-27.—Camera bellows extended full length. 





Figure 11-28.—Hinged infinity stops permit the front standard to be pulled 
out past them. 


rangefinder and focusing scales. The Pacemaker has 
hinged infinity stops which can be folded out of the way by 
swinging the center section of each stop outward (A, fig. 
11-28), allowing the front standard to be pulled out past 
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them to any position on the track. After extending the 
bellows to the desired position, lock the front standard in 
place by swinging the lock lever to either side. Focus by 
turning the knurled focusing knobs while viewing the ground 
glass. 

Infinity stops on earlier models of the Speed Graphic are 
not hinged and cannot be swung out of the way to allow the 
front standard to be pulled out past them. To extend the 
bellows on the Anniversary model, roll the track all the way 
to the rear and return the front standard entirely into the 
camera body. Drop the camera bed and pull the standard 
forward off the short, rear section of track. The camera 
bed is then snapped back to its horizontal position and the 
front standard carried forward and slipped onto the front - 
end of the main track. Swing the lock lever to one side to 
lock the standard on the track and focus by means of the 
knurled focusing knobs. 

When the front standard is moved ahead of its normal 
position, focusing must be done visually on the ground 
glass.. The rangefinder and focusing scales are inoperative 
when the front standard is anywhere except firmly in contact 
with the rear of the infinity stops. 

It should be remembered that when the camera is used 
with the bellows extended for closeup photography, the 
f/values engraved on the shutter housing are no longer 
correct. Since these values are based on the relationship 
between the focal length and the diameter of the aperture 
when the lens is focused at infinity, they are no longer correct 
when the lens is extended beyond one focal length. In- 
creasing the lens-to-film distance beyond one focal length 
will require a corresponding increase in exposure to com- 
pensate for the new effective f/value. 

Composition.—Upon arrival at the scene to be photo- 
graphed, observe it carefully for the best camera viewpoint. 
Naturally, the prime objective will be to make a complete 
and truthful record of the scene. But by due attention to 
the factors of good composition, the resulting photographs 
can be greatly enhanced and their quality and usefulness 
actually increased. Depending on the nature of the assign- 
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ment, three methods are available for composing the photo- 
graph. Mounting the camera on a tripod and composing 
on the ground glass is by far the most satisfactory since it 
allows checking the depth of field. sharpness of the image, 
and the composition exactly as they will appear on the film. 
When time does not permit using these methods, the open 
frame or optical viewfinder can be used and the camera 
focused by means of the rangefinder or focusing scale. 

DETERMINING EXPOSURE.—In order to make a good nega- 
tive, it must be exposed so as to have sufficient density for 
making a good print. This density will depend upon the 
light with which the subject is illuminated, the speed of the 
film, lens and shutter settings, and the subsequent process- 
ing. Using an exposure meter will simplify the problem of 
determining the exposure and will produce much more con- 
sistent and accurate results. Exposure guides and tables 
can also be used quite effectively. 

SHUTTER AND DIAPHRAGM.—The exposure meter will only 
go so far as to present you with a rather wide choice of 
aperture and shutter speed combinations, any one of which 
will produce the necessary density in the film. Selection of 
the particular combination will depend on the circumstances. 
If there is considerable motion in the scene, a fast shutter 
speed and large aperture will be required; for example 1/400 
at {/8. When there is no movement, a slow shutter speed 
and small aperture, such as 1/25 at f/32, will produce the 
same density and a much greater depth of field. Choice of 
using the focal plane or between-the-lens shutter is gener- 
ally at the discretion of the photographer. 

OPERATING PROCEDURE.— There are two convenient meth- 
ods of holding the camera for hand-held operation. One 
method is to slip the left hand between the strap handle and 
the camera with the fingers curved around and grasping the 
front edge of the camera body. Thus, the camera can be 
held securely with one hand, leaving the other free to oper- 
ate the controls. The other method is to place the palm of 
the left hand under the camera as a support, with the fingers 
curved up over the front of the bed to hold it securely. 
With either method, be sure to pull the camera back towards 
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the body, holding the arms in against the sides. This will 
lessen the possibility of camera movement, especially at the 
slower shutter speeds, from the action of tripping the shutter. 

If the rangefinder or focusing scale is used for focusing, 
the film holder may be previously attached to the camera. 
Set the diaphragm and shutter to the proper combination of 
aperture and speed. Be sure that the shutter selector slide 
is set for the shutter to be used and that the other shutter is 
opened. If the front shutter is being used, push the cocking 
lever fully clockwise and release to trip the shutter. Imme- 
diately after exposing, shift the film out of the focal plane, 
bringing the next film in position for exposure. 

For long exposures and ground glass focusing, the camera 
must be operated from a tripod. Although any standard 
tripod can be used, the No. 1 Crown (fig. 11-29) is one of 
the accessories included in the case with the camera. It is 
light in weight and can be collapsed and folded for con- 
venient, compact stowage. 

No. 1 Crown tTripop.—To assemble the tripod, unfold 
the two wings (1, fig. 11-29) of the collapsible leg assembly. 
Press the ends of the wings together sufficiently to permit 
the holes in the brass end pieces to be slipped over the ear 
assembly pins (2) on the underside of the tripod top. Swing 
the hinged brass spreader (3) down to prevent accidental 
disconnection of the leg from the tripod top. Loosen the 
knurled locknut (4) and pull the upper sliding part of the 
leg all the way out and tighten the locknut. Failure to pull 
it out all the way may cause the leg to collapse from the 
weight of the camera and may cause the leg to be broken 
when the locknut is tightened. Adjust the height of the 
tripod by loosening the lower locknut and extending the leg 
as necessary. The lower section of the leg can be locked at 
any point without danger of breakage. 

There are two tripod sockets in the Speed Graphic for 
attaching the camera to the tripod top. The one in the 
bottom of the camera is used to attach it with the long di- 
mension of the film horizontal; the other in the side beneath 
the strap handle is used for vertical composition. To gain 
access to the side socket, unsnap the lower end of the handle 
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Figure 11-29.—The No. 1 Crown tripod. 


of the Pacemaker (upper end of the Anniversary) and swing 
the strap clear of the socket. Before opening the camera, 
place it on the tripod top and turn the long brass screw (5) 
all the way into the tripod socket. Then turn the large 
locknut (6) up against the underside of the tripod top to 
pull the camera down and hold it securely on the tripod. 
Normally, the camera is secured to the tripod with the lock- 
nut and screw inserted through the center of the tripod top. 
However, when the camera bed is to be dropped to the lower 
position, it is necessary to transfer this screw to the hole 
near the edge of the top (7). The camera is then positioned 
so that the bed can be dropped, completely clearing the 
tripod top. 

At any time a camera is mounted on a tripod, the danger of 
accidental damage to the camera is increased. For this 
reason, it is strongly recommended that a camera never be 
left unattended on a tripod. To lessen the danger of break- 
age, set the tripod on firm footing with its legs spread well 
apart. On a hard surface where a tripod leg may slip and 
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allow the camera to fall, us a tripod BRACE or & TRIANGLE to 
prevent the legs from spreading. A triangle is an adjustable, 
folding device made of lightweight metal especially for use 
with tripods. If this device is not available, a triangular- 
shaped frame can be constructed of wood to serve the same 
purpose. If possible, the tripod should always be set up 
with one leg pointing forward. This places the legs in such 
@ position as to allow more freedom of movement about the 
camera with less danger of tripping over one of the legs and 
upsetting the camera. 


PRINCIPLES OF FLASH PHOTOGRAPHY 


The feature which makes the Pacemaker the most versatile 
of all the cameras used in the Navy is its compact, convenient, 
and highly effective lighting equipment illustrated in figure 
11-30. This section will describe the principles of flash 
photography, and also how it is used with the Pacemaker 
camera. 

Flash photography had become standard practice in the 
military services as well as in civilian photographic work. 
Each year thousands of fine photographs are produced 
which would have been difficult if not impossible to obtain 
without the aid of modern flashlamps. Particularly in 
‘fon the spot’’ news coverage for public information photogra- 
phy, the flashlamp has become almost as indispensable as 
the film itself. However, it has many other uses, furnishing 
a clean, dependable, and highly efficient source of illumina- 
tion on occasions when the available light is not conducive to 
good photography. 

The principle of flash (synchroflash) photography is 
essentially nothing more than igniting a flashlamp at the 
proper time so that it burns at peak brilliance while the 
shutter is open for exposure. Where there is no movement 
in the scene being photographed, the shutter may be opened 
before the lamp is ignited and closed again after the light 
has completely expired. In such cases, it is a very simple 
matter to synchronize the action of the shutter with the 
firing of the lamp. But when fast shutter speed is necessary, 
an extremely sensitive and accurate synchronizing mechan- 
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Figure 11-30.—Synchronized flash equipment. 


ism must be employed. This mechanism is usually an 
electrically or mechanically operated device which trips the 
shutter after the lamp has been ignited. The delay between 
firing the lamp and tripping the shutter must be accurate to 
approximately the thousandth part of a second (millisecond) 
to insure correct synchronization at fast shutter speeds. If 
the shutter opens too early or too late, only a small portion 
of the flash will be used, resulting in underexposure of the 
film. 
Photoflash Lamps 


A flashlamp is a sealed glass bulb containing a highly com- 
bustible material and sufficient oxygen to insure complete 
and extremely rapid combustion. It is clean, safe, and silent 
to use and requires a very small amount of electrical current 


for ignition. To prevent shattering the glass bulb from the 
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intense heat and explosive force generated, the glass is coated 
on the inside and outside with a thin film of cellulose acetate. 

The quantity of combustible material, usually very fine 
aluminum wire or aluminum foil, inserted in each bulb de- 
termines the amount of light which will be emitted. Hence, 
the quantity must be exactly the same in each bulb of a 
particular size or type to insure a consistent, predictable light 
output. Extending into the combustible material from the 
base of the lamp and supported by a glass standard is an 
extremely fine wire filament which is surrounded by an 
explosive paste known as the primer. When the current 
is applied to the filament, it becomes white-hot, exploding 
the primer which, in turn, ignites the combustible material. 
The explosive force of the primer also breaks the filament and 
opens the electical circuit. Breaking the circuit in this 
manner stops the flow of current and prevents any further 
drain on the batteries. 

Each different type of combustible material has its own 
particular characteristic manner of burning. Foil-filled 
lamps usually reach a higher peak intensity than a wire-filled 
lamp of corresponding bulb size, but the wire-filled lamp 
produces a flash of usable intensity for a slightly longer 
duration. By modifying the construction and increasing 
the diameter of the wire, the wire-filled lamp can be made to 
burn at peak intensity and furnish a constant light output 
during the time interval required for a focal plane shutter to 
traverse the film. Although each of these bulbs reach a peak 
intensity in approximately 1/50 second (20 milliseconds) 
from the time current is applied, they differ considerably in 
burning time at peak intensity and total light output. A 
foil-filled lamp may burn at a usable peak no longer than 
1/120 second; a wire-filled bulb for focal plane synchroniza- 
tion will burn about 6 times longer or 1/20 second. 

In determining the usable light output of a flashlamp, it is 
customary to compute it from the time the intensity reaches 
half peak until it falls off again to the same level. Once 
the flash has reached half-peak intensity, sufficient light is 
available for average exposure conditions. The time 
required to reach this level and the duration it remains at 
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or above this intensity are extremely important factors in 
proper synchronization. The synchronizer should be ad- 
justed to trip the shutter so that it will not be fully opened 
before the flash has reached half peak. If the action were 
delayed until the flash reached full peak, only a small portion 
of the total hght would be used. Since the average lamp 
reaches half-peak intensity in approximately 1/65 second 
(15 to 16 milliseconds), the opening of the shutter should 
not be delayed 1/50 second (20 milliseconds) as is commonly 
believed, but should open earlier to use the full peak of the 
flash. 

The second factor, duration of flash at half peak, is fairly 
constant for the common types of wire-filled lamps at about 
1/75 second (approximately 13 milliseconds). With the 
shutter operating below this speed and correctly synchronized, 
all of the flash at half peak will be used in exposing the film. 
At speeds of 1/200 or 1/400, the shutter will close before the 
light falls off to half peak. However, the major portion 
of the total light output will have been used for exposure. 
Since the portion of total light used varies with the shutter 
speed, compensation is made in the exposure accordingly. 

Another lamp which is radically different in construction 
and burning characteristics is the SPEED Mipcet (SM) type 
of flashlamp. It contains neither foil nor wire as the com- 
bustible material. Instead, a heavy coating of primer paste 
is put on the filament and lead-in wires which burn in 
oxygen to produce a rather intense light of extremely short 
duration. Combustion takes place so rapidly that the 
light reaches peak intensity in one-fourth the time required 
for foil- and wire-filled lamps. It reaches a peak in 1/200 
second (5 milliseconds) which is approximately the time 
required for the mechanical action of opening the blades 
after the shutter is tripped. The duration of burning above 
half intensity is likewise short, being 1/150 to 1/200 second 
(5 to 7 milliseconds) and all usable light has expired in less 
than 1/100 second from the time lamp current is applied. 
The total light output of this lamp is considerably less than 
a wire-filled lamp of the same size. 

Flashlamps are classified according to their burning char- 
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acteristics and the time required for reaching peak intensity 
after current is applied. Those having a 5-millisecond 
delay, such as Speed Midgets, are known as class or type F 
(fast). The most common lamps having a 20-millisecond 
delay, such as the No. 2, 5, 11, 25, 40, etc., are known as 
class M (medium). A large lamp, such as the No. 50 which 
is made especially for covering large areas, peaks in 30 
milliseconds and is included in the category of class S (slow). 
It can be used with a synchronizer adjusted for use with class 
M lamps only if the shutter is operated at speeds of 1/25 
second or slower. Its burning time at half peak is 1/60 
second (17 milliseconds) and the slow shutter speed is neces- 
sary to have it remain open long enough to catch the full 
benefit of the flash. Lamps designed especially for use with 
focal plane shutters, such as the No. 6 and 31, are designated 
by the letters FP (focal plane). Although they are similar 
to class M lamps in peaking time and construction, their 
duration above half peak is greatly extended, being 1/20 
second (53 milliseconds) in the case of the No. 31. 

Figure 11-31 shows the common method of graphically 
illustrating the performance characteristics of flashlamps. 
Due to the short duration of the flash, it is more practical to 
indicate time in terms of a millisecond (1/1000 second), 
1000 milliseconds being equivalent to 1 second of time. 
Light intensity is indicated in terms of lumens. A lumen is 
simply a unit of measurement for light intensity, similar but 
smaller than the more familiar unit of candlepower. It has 
no significance to the photographer in determining exposure 
because this process has been simplified by the publication 
of exposure tables for all flashlamps. 

Manufacturers have standardized their lamps as to type, 
size, and performance characteristics. Highly efficient lamps 
have been produced to fill the requirements for each type of 
photographic assignment. It is not necessary to stock a. 
large assortment of sizes and types because the small No. 5 
in a proper reflector, for example, can easily cover 90 percent 
of all flashlamp requirements. 

A flashlamp can be a dangerous thing if used carelessly, or 
improperly handled or stored. Due to the intense heat 
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Figure 11-31.—Time-light curves of representative flashlamps of each type. 


radiated when the lamp flashes, it can cause a serious burn 
at the point of contact with the skin. If the safety precau- 
tions are observed, the possibility of injury or accident is 
extremely remote. 

Flashlamps are packaged in individual corrugated card- 
board containers inside a cardboard carton and packed in a 
cardboard case or box for shipment. They should be left 
packed in this manner until actually needed for use. When 
carrying a number of lamps on an assignment, they should 
not be removed from their individual container or carton 
until just prior to insertion in the flash equipment. Should 
they be carried loosely in the pocket, a bag, or camera case, 
the protective acetate coating or the glass itself may be 
broken, causing the lamp to explode when fired. Some 
bulbs have a spot of cobalt chloride placed inside at the top 
which will turn pinkish-white if the bulb has been damaged, 
allowing air to enter. If an unpackaged lamp is placed near 
the source of radiated energy such as radar, the lamp will be 
fired. Picture an individual walking along a flight deck with 
his pocket filled with unpackaged lamps, and imagine his 
surprise and discomfort when he walks into a radar beam. 
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Make it a practice to leave the lamps in their containers 
until ready for use, then handle them with gloves when 
working in the vicinity of radar. Do not store flashlamps 
near the source of radiant energy unless they are suitably 
protected by being packaged in containers to shield them 
from such radiation. 

Flashlamps may also be accidentally ignited by a spark of 
static electricity built up on a person. Foil-filled lamps 
particularly are easily fired in this manner by a person moving 
around on a wool carpet and building up a charge of static 
electricity, then reaching out to pick up a lamp. Serious 
burns have resulted in such cases. 

Never use any type of flash equipment in an explosive 
atmosphere. Flashlamps generate intense heat while burn- 
ing which may be enough to ignite combustible material, 
such as gasoline vapor. In addition, there is always the 
possibility a bulb may shatter when fired or an electric spark 
from the flash equipment may set off an explosion. Flash 
equipment should not be used in any unventilated space 
where an explosive atmosphere may be present. 

When using flash to photograph personnel at distances 
within 6 or 8 feet, a suitable transparent shield should be 
fitted to the reflector in front of the bulb. This will afford 
protection from flying glass should the bulb shatter. 

Some photographers have formed the habit of touching 
the tongue to the base of the lamp in order to moisten it and 
give a better electrical contact. This is a very dangerous 
practice because the acid used in the flux for the solder on the 
base of the lamp may cause a serious infection on the tongue. 
If the base of the lamp is corroded, rub is lightly with emery 
cloth or sandpaper or on the sole of the shoe to clean the 
contact. 

Although flashlamps are normally fired by electricity of 3 
to 4.5 volts supplied by batteries in a case attached to the 
camera, occasionally it may be necessary to use other power. 
For example, when photographing a large area with a number 
of lamps set at some distance from the camera, the low 
voltage from the batteries is inadequate. In such cases, 
ordinary 110-volt house current can be used to flash the 
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lamps. However, be positive that the lamps being used are 
designed for safe flashing with the higher voltage. Not ull 
lamps can be safely used in this manner because the lead-in 
wires inside the bulb may fuse together, causing a short 
circuit and blow the fuse in the house circuit. Lamps which 
are unsafe for flashing on 110-volt current are so indicated 
on the individual container, being marked “for battery 
flashing only.’’ Those safe for flashing on house current will 
be marked to show they may be operated on either direct or 
alternating current from 3 to 125 volts. 

When flashing lamps on a 110-volt circuit, use a suitable 
switch or a special relay for closing the circuit. Do not 
connect the wire directly to the flashgun or synchronizer 
because the 110-volt current will burn out the synchronizer 
and severely damage the contacts. As a further precaution 
against burning the hands when inserting lamps in such a 
circuit, wear gloves and, if practical, disconnect the power 
supply while changing lamps. 


Synchronizers 


The purpose of a synchronizer is to insure that the shutter 
is open at the time the flashlamp is burning at peak intensity. 
External synchronizers, such as the solenoid tripper (8, fig. 
11-3), are designed for use with type M lamps having a 
20-millisecond delay to peak. The only action of the 
solenoid is to trip the shutter at the proper time after current 
has been applied simultaneously to the solenoid and lamp by 
means of a switch on the flashgun. The solenoid is so 
designed and adjusted to perform this tripping action at 
approximately 13 milliseconds after current is applied. 
After tripping, about 5 milliseconds are required for the 
mechanical action of the shutter to open the blades. Thus, 
the blades will be fully opened and the lamp nearing peak 
intensity approximately 18 milliseconds after current 1s 
applied. 

Internal synchronizers built into shutters accomplish the 
same thing but in a slightly different manner. Here, the 
lamp firing circuit is closed by a set of contacts within the 
shutter housing after the shutter has been manually tripped. 
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Some shutters equipped with a built-in adjustable delay 
mechanism can be set to synchronize with S, M, F, and X 
type lamps within certain limitations as to shutter speeds. 

GRAPHEX SHUTTER.—Referring to figure 11-3, it will be 
seen that the Graphex shutter has built-in synchronization. 
It has settings for synchronizing X, F, and M type flashlamps. 
To operate the synchronization for X or F delay, connect a 
flash cord to the contact posts (9), set the delay setting 
lever (10) to the F—X setting on the delay scale (11). By 
cocking the shutter with the setting lever (4), the shutter 
will be sunchronized. To set the shutter for M type flash- 
lamps, the only change is to set the delay setting lever to M 
on the delay scale. It will be noted that there are two M’s 
on the scale, a black M and ared M. The black M is used 
with the shutter speeds marked in black on the speed ring (1). 
The red M is used with the shutter speeds marked in red on 
the speed ring. This will provide proper synchronization 
at all shutter speeds. When the shutter is being used without 
flash, the delay setting lever should be placed at OFF so 
there will not be undue wear on the delay mechanism. 

FLasH SUPERMATIC SHUTTER.—Referring to figure 11-4, 
it will be seen that this shutter also has built-in flash synchro- 
nization. It has delay times for F and M type flashlamps. 
To operate, connect a flash cord to the contact posts (7). 
For F type synchronization pull up on the delay setting 
button (8) and move it to the F setting on the delay scale. 
The delay mechanism is a separate unit in this type shutter 
and has to be placed in operation by pulling the delay 
mechanism lever (9) to the right until it catches. After 
cocking the shutter, it will be ready for use, with proper 
synchronization for F type flashlamps. The only change 
to make when using M type flashlamps is to move the delay 
setting button from the F to the M setting on the delay scale. 
On all types of between-the-lens shutters the delay setting 
should be set before the shutter is cocked so that the proper 
delay will be obtained. 

Foca. PLANE SHUTTER.— -Focal plane synchronizers consist 
of a small metal tab attached to the curtain of the focal plane 
shutter just in front of the opening. When the shutter is 
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tripped and the curtain starts to move, the metal tab passes 
between two contacts to close the lamp firing circuit. 

Flash synchronization is not available at all speeds with 

the focal plane shutter, but only at the higher speeds and 
time exposure setting. The reason for this is that a special 
lamp must be used which has a long burning time. This 
lamp, as was described under the section “‘Photoflash Lamps’”’ 
must reach its peak brilliance by the time the curtain opening 
starts its travel in front of the film, and must maintain its 
peak until the opening has moved completely across the film 
in order to insure even exposure from top to bottom. The 
FP lamp will not retain its peak long enough to permit 
‘using a speed slower than 1/250 second; consequently, only 
1/250, 1/500, and 1/1000 second speeds can be used for proper 
synchronization. These speeds are marked‘in black on the 
focal plane shutter speed dial window, other speeds being 
marked in red as a reminder that they are not to be used for 
flash synchronization. 

For flash synchronization, the shutter can only be released 
by the body release lever, as the action of this lever is 
required to close a secondary switch to complete the firing 
circuit. When the shutter curtain is rolled up by the 
winding knob or rolled down by moving the selector slide to 
the word Trip, the lamp firing circuit remains open and will 
not firea lamp. All types of flashlamps as well as electronic 
flash may be used in making time exposures with the focal 
plane shutter. The shutter speed dial is set to T for making 
a time exposure. Pressing the body release trips the shutter; 
and as the curtain reaches the full open position, the lamp 
firing circuit is closed to fire any type of flashlamp. Pressing 
the body release a second time closes the shutter. 

Synchronizers should be tested occasionally to insure 
accuracy of synchronization. Although they can be expected 
to give dependable service over a long period of time, they 
may become inoperative and particularly the solenoid type 
may get out of adjustment to the extent that synchronization 
is not accurate. A number of factors may cause poor synchro- 
nization or a complete failure of the flash equipment, but the 
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most frequent source of trouble is in the electrical system 
rather than the synchronizer itself. 

A simple, effective test of the equipment is to make a flash 
exposure, preferably at a fast shutter speed, to insure that 
sufficient light is reaching the film. If desired, the film holder 
can be loaded with contact printing paper instead of film and 
an exposure made of the flash itself with the lamp held about 
2 feet in front of the lens, using a setting of 1/200 at f/16. 
Develop the paper in the usual manner. If a good black 
image of the lamp is formed, the synchronizer can be con- 
sidered sufficiently accurate. Another method of testing for 
synchronization is by removing the flashgun from the camera 
and holding it so that the lamp is directly behind the camera 
(with the back removed) or in front of the lens. Set the 
diaphragm at the maximum aperture and the shutter at the 
desired speed. With the synchronizer and shutter cocked, 
fire the flashlamp while looking directly into the lens. If a 
brilliant flash of light can be seen through the lens, the 
synchronizer is working properly. 

The most accurate test of synchronization is by means of 
a tester designed specifically for this purpose. A device 
such as the GRAFLEX SYNCHRONIZER TESTER permits both 
visual and photographic tests to be made very accurately. 
Such a device should be used when installing new equipment, 
during overhaul, or in adjusting a synchronizer known to be 
inaccurate. 

Before condemning the equipment as being faulty, check 
the electrical circuit completely. Make certain the batteries 
are not weak and that all connecting cables are in good condi- 
tion and properly installed. Clean all electrical contacts 
with crocus cloth and insure a good connection. Dirty or 
corroded points of contact in the circuit will reduce the 
voltage to such an extent that proper synchronization cannot 
be obtained or the flash may fail completely. When using 
the solenoid tripper with a shutter which has a built-in 
synchronizer, BE SURE the shutter synchronizer control lever 
is set to the OFF position. Otherwise, a double delay will 
be produced, resulting in poor or virtually no exposure. 
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PoweER suppLy.—The power supply is the heart of syn- 
chronized flash. Few people realize the importance of oper- 
ating flash equipment at the proper voltage or the variation 
produced in performance characteristics of flashlamps by 
varying the voltage with which they are ignited. The princi- 
pal effect of varying the voltage is to alter the time from 
ignition to peak intensity. A lamp which will normally 
peak in 20 milliseconds when 3 volts are applied will peak in 
15 milliseconds using 110 volts, but will require 35 milli- 
seconds to reach peak intensity if the power is as low as 1.5 
volts. Obviously then, the voltage must remain at a fairly 
constant level if proper synchronization is to be obtained. 
Even with fresh, full-strength batteries it is possible for the 
voltage to drop low enough to seriously affect synchroniza- 
tion. This is caused by an accumulation of resistance to the 
flow of electricity throughout the circuit. The resistance is 
most frequently caused by poor contact due to dirt and cor- 
rosion, but in extremely cold weather by internal resistance 
within the batteries themselves. There is also a certain 
amount of resistance in the wire from the battery to the 
lamp which causes a corresponding drop i. voltage. A lamp 
which peaks in 20 milliseconds when used on the flashgun 
and fired with 3 volts will require 35 milliseconds to peak 
when connected to the same power source by 50 feet of No. 
18 stranded wire, two-conductor lamp cord. Consequently, 
when high resistance is encountered, an increase in voltage 
should be made to the power supply to overcome the resist- 
ance. 

With focal plane and mechanical synchronizers such as 
those built into shutters, the only electrical energy supplied 
from the batteries is that which is required to ignite the flash- 
lamp. Electromagnetic synchronizers of the solenoid type 
require additional power and are quite sensitive to changes in 
battery amperage. They are designed for use with 2 or 3 
flashlight cells. Although they will operate on batteries 
delivering as little as 3 or 4 amperes, for positive synchro- 
nization the battery output should never be permitted to 
drop below 5 amperes per cell. This is the minimum require- 
ment with no margin of safety. To provide a safety factor, 
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a battery which shows less than a 7-ampere output should 
be discarded. 

The battery case of the fisaheun used with the Pacemaker 
holds 3 flashlight cells of 1.5 volts each, supplying a total of 
4.5 volts. Since these batteries are connected in. series, the 
total voltage output is equal to the sum of the voltage of the 
individual cells in the circuit. However, the amperage out- 
put of each cell does not add in this manner, the total being 
equal to the output of a single cell regardless of the number 
included in the circuit. For this reason, any battery which 
tests less than 7 amperes should be discarded. 

Positive synchronization will be obtained if each flashlamp 
in the circuit and the solenoid tripper receives 2 amperes of 
current. In practice as a safety feature, it is desirable to 
have 3 amperes available at the source for each lamp and 
solenoid in the circuit. This extra current provides a margin 
of safety to compensate for.the loss due to resistances in the 
circuit. Thus, if 2 lamps were being fired and a solenoid 
tripper used, it would be desirable to have 9 amperes of 
current available at the source of power. 

A new photoflash dry cell battery will test approximately 
15 amperes and some of the newer type batteries may test 
_ as high as 30 amperes. The voltage alone cannot be used to 
determine the condition of a battery since it will test 1.5 
volts whether new or somewhat weakened. In the event an 
ammeter is not available for testing, batteries should be 
replaced after 3 months or 100 flashes, whichever occurs first. 

Two different models of flashguns will be found in use on 
various models of the Speed Graphic. They are the GRAFLEX 
and the GraF.itE. They may be used interchangeably on 
the different models of cameras. The principal difference 
between the two models is the number of outlets and circuits 
provided. 

GraFLEX.—The Anniversary model of Speed Graphic is 
normally equipped with the Graflex flashgun, which is 
illustrated in figure 11-32. The cable connecting the sole- 
noid to the battery case may be inserted into either of the 
sockets, (1) or (2) of fig. 11-32, when the solenoid is used to 
trip the shutter. Pressing the red button (3) on the back of 
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Figure 11-32.—Graflex flashgun, old model. 


the case will fire the bulb in the lamp socket (4) and actuate 
the solenoid at the same time. If desired, an additional 
lamp can be fired in synchronization by inserting a cable 
from an extension unit into outlet (1) or (2) of figure 11-32. 
When the button is pressed both of the lamps will then go off 
in synchronization. When using the synchronizer built into 
the shutter, connect the cable to the outlet which will be 
uncovered by unscrewing the red firing button and swinging 
it to one side. The button is retained by a knurled collar 
on the arm to prevent loss. With the circuit hooked up in 
this manner, a lamp in the socket or in the extension will be 
fired in synchronization when the shutter is tripped by press- 
ing the shutter release lever or by using a cable release. 

To synchronize the focal plane shutter, connect the cable 
in the same outlet on the flashgun and trip the focal plane 
shutter in the normal manner. The standard female outlet 
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(5) may be used with standard photoflood reflectors or house- 
hold lamps to provide additional extension lamps. The 
Graflex also has a FOCUSING SPOTLIGHT (6) operated by a 
SLIDE SWITCH (7). It is very useful when focusing with the 
rangefinder or on the ground glass under poor light condi- 
tions. To operate, push the slide switch up and a beam 
of light will be projected on the scene being photographed 
and into the viewing range of the rangefinder. Focusing 
can be done readily by bringing the two spots, or beams of 
light, together that are seen when the camera is out of focus. 
GRAFLITE.—The Pacemaker model of the Speed Graphic 
is supplied with the Graflite flashgun, as illustrated in figure 
11-33. It has 5 standard female receptacles on the case 
plainly marked with the words EXTENSION, SHUTTER, BAT- 
TERY, REMOTE, and SOLENOID, respectively. The socket 
marked EXTENSION is used to connect an extension cord to 
the battery case for flashing a lamp at some distance from 
the camera. The one marked SHUTTER is used to connect a 
flash cord to the contact posts of a shutter having a built-in 
synchronizer or to the focal plane shutter contact posts. 
Tripping the shutter fires the lamp in the battery case 
socket as well as one on an extension. An additional ex- 
tension can be plugged into the outlet marked soLENorIpD 
if the extra lamp is desired. The Barrery outlet is a “hot”’ 
or open outlet not controlled by the main switch or a@ syn- 
chronizer. It is used ONLY for power to certain accessories 
- requiring 4.5 volts. Connecting two battery cases together 
by these outlets will not increase the voltage but may actu- 
ally exhaust the batteries. The REMOTE outlet permits 
tripping the solenoid by a switch at some distance from the 
camera connected to the remote outlet and the solenoid 
connected to the SOLENOID outlet. The solenoid is con- 
nected to the outlet marked solenoid for all normal use 
when it is to furnish the tripping action for the shutter. 
Some of the features of the Graflite flashgun which make 
it more versatile than the older models are made possible 
by extra electrical circuits within the battery case. The 
flow of electricity through these various circuits is controlled 
by a multipurpose circuit controller (1, fig. 11-33) located 
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Figure 11-33.—Graflite flashgun. 


on the back of the battery case just above the main switch 
button. The circuit control switch has three positions, 
N, 1, and 2, and must be set to the appropriate position to 
energize the circuit or combination of circuits according 
to the manner in which the flash equipment is to be used. 
It is possible to hook two battery cases together in such a 
manner that the voltage in the lamp firing circuit will be 
raised to 9 volts, while the voltage to the solenoid remains 
at the normal 4.5 volts. In this manner a larger number 
of flashlamps can be fired in positive synchronization with- 
out the necessity of readjusting the delay of the solenoid. 
The white dot on the circuit controller is set to the N 
position for all normal use in flash synchronization by sole- 
noid or internally synchronized and focal plane shutters. 
When using internal or focal plane synchronization, connect 
the appropriate contact posts to the sHUTTER outlet on the 
battery case and trip the shutter with the body release or a 
cable release. To trip the shutter with the solenoid would 
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cause a double delay in opening the shutter. When using 
the solenoid, connect it to the soLENoID outlet on the 
case and press the main switch button (2) or a remote switch 
connected to the REMOTE outlet to close the circuit. This 
action fires the flashlamp and causes the solenoid to trip 
the shutter in synchronization. 

Setting the circuit controller to the No. 1 position dis- 
connects the battery case lamp socket and EXTENSION 
outlet, permitting the solenoid to be operated independently 
on a separate circuit. Thus, the only function of the solenoid 
is to trip the shutter when the main or remote switch is 
closed. If the contact posts of a synchronized shutter are 
also connected to the SHUTTER outlet on the case, the lamp 
firing circuit will be closed in the usual manner by the in- 
ternal synchronizer after the shutter has been tripped by 
the solenoid, body release, or cable release. 

The No. 2 position of the circuit controller is used only 
when another battery case is added to the system to increase 
the voltage in the lamp firing circuit. This hookup is rather 
complicated and should only be attempted by personnel 
who are familiar with the basic principles of electricity and 
are proficient in the operation of flash equipment. 

Rer.ectors.—The reflector is as important as the lamp 
in the illumination of a scene for photography. Without a 
reflector, the light produced by a lamp will be radiated in all 
directions so that only a small portion falls on the scene in 
front of the camera. Actually, about one-twelfth of the 
total light produced falls on the area included by the lens 
and the remaining eleven-twelfths serves no useful purpose 
since it is wasted in space. The function of a reflector, 
then, is to collect this light which would otherwise be wasted 
and redirect it and concentrate it on the scene before the 
camera. 

In general, the larger the size of the lamp, the larger the 
reflector should be to put most of the light in the picture 
area. For example, where a 5-inch diameter reflector does 
an efficient job with a midget bulb, a similar reflector of 
about 10 inches is required to do an equally effective job 
with a large lamp such as a No. 50. In addition to size, 
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there are two basic factors in the design of a reflector which 
determine its effectiveness. These are the shape or curva- 
ture of the concave surface and the type of reflecting surface. 

The curvature of some reflectors is designed to concentrate 
the light similar to a spotlight, others to spread it over a 
larger area. The type of reflecting surface also affects the 
efficiency of a reflector. Naturally, a mirrorlike surface will 
reflect a higher percentage of light than will a dull, roughened 
surface. For these reasons, one reflector may direct several 
times as much light into a given area as another of the same 
general size. 

This is important to the photographer for two reasons. 
First, the lamp and reflector should be matched according 
to size so that light will be evenly distributed over the scene, 
avoiding a HOT spoT in the center or spilling light outside the 
picture area; and second, the efficiency of the reflector-lamp 
combination will greatly affect the degree of exposure of the 
film. Thus, a midget flashlamp in a proper reflector may 
easily outperform a much larger lamp in an inefficient re- 
flector. 

The two reflectors furnished with the Pacemaker, 5 and 7 
inches in diameter, are highly efficient when used with the 
proper sizelamp. The 5-inch reflector can only be used with 
midget lamps due to its small lamp socket. The larger 
reflector can be used with either small or large lamps, pro- 
vided an adapter is employed to fit the small base of the 
midget lamps. However, when a midget lamp is used in the 
larger reflector, it loses some of its efficiency and the exposure 
must be adjusted accordingly. The 7-inch reflector spreads 
the light evenly over a field of 120 degrees, whereas the 5- 
inch reflector concentrates the light within a 60-degree field. 

The reflector assembly is secured in place on top of the 
Graflite flashgun by means of a head locking screw knob at 
the front. Besure to tighten the locking screw onto the stud 
of the reflector contact spring assembly at the center of the 
battery case, second hole from the top, otherwise the electri- 
cal circuit will not be complete. The 7-inch reflector can be 
adjusted vertically by means of a locking screw at the back 
in order to center the various sizes of lamps. It is important 
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that the lamp be centered in the reflector to provide even 
illumination on the scene. Since the 5-inch reflector will 
only accept midget lamps, vertical adjustment is not pro- 
vided. However, it does have a horizontal adjustment to 
permit focusing the reflector to control the spread of illumi- 
nation so that it will cover about the same area as that in- 
cluded by the lens. The NorMaAL setting is used with lenses 
of 5 to 6% inches focal length. With a wide angle lens, slide 
the reflector to the rear to widen the field of illumination. 
For a long focal length lens, 7 to 10 inches, slide the reflector 
forward to narrow the beam of light. A lamp release button 
is provided on the back of the reflector assembly which, when 
pressed, releases the lamp retainer ring in the lamp socket to 
permit ejection of a hot lamp without touching it with the 
hands. 

The reflector assemblies of the older model flashguns are 
quite similar to those just described. They are secured to 
the battery case by two prongs on the bottom of the reflector 
support which is inserted in the top just behind the lamp 
socket. The 5-inch reflector is not provided with a focusing 
adjustment and the lamp release device is inside the reflector 
immediately below the lamp socket. The 7-inch reflector is 
adjustable vertically, and lamps are released by pressing the 
ends of the clamp together at the rear of the battery case. 

DETERMINING THE EXPOSURE.—In flash photography as in 
photography of subjects illuminated with daylight, there are 
several factors to be considered in determining the proper 
exposure for the film. Although they are essentially the 
same in both cases, a slightly different approach is required 
to solve the flash problem. As in photography without a 
flash, we must consider the speed and sensitivity of the film, 
the type and color of the subject, and the illumination falling 
on and reflected from the subject. The illumination factor 
is the one which must be treated in a different manner since 
it can no longer be easily estimated or accurately measured 
by ameter. True, the total light output for each size lamp 
is given by the manufacturer, but this information alone is of 
little practical value in determining exposure. Due to the 
fact that the intensity of light diminishes inversely with the 
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square of the distance from its source and the very short dura- 
tion of the flash, it would be extremely difficult to compute 
each exposure by means of standard mathematical formulas. 

Fortunately, the manufacturers of flashlamps have greatly 
simplified the problem of determining exposure by working 
out a series of tables and GuipE NUMBERS for flash photog- 
raphy. It should be clearly understood that these numbers 
are nothing more than guides, being based on average condi- 
tions and equipment, and should be used as such rather than 
as specific recommendations in every case. In general, ex- 
posures made on the basis of guide numbers will produce 
satisfactory negatives. However, if results obtained by 
following these guide numbers consistently show underex- 
posure or overexposure of the negatives, more or less exposure 
should be given accordingly in making future pictures. 

Some of the variables which may account for incorrect 
exposures when following the guide numbers are reflector, 
lens, shutter, synchronizer, power supply, subject matter, 
and method of operation. It will seldom be the fault of 
flashlamps. Some reflectors are far more efficient than 
others in that they will throw more light on a scene, all other 
factors being equal. One type of Jens may transmit more 
light than another at the same diaphragm setting. Two 
lenses of identical design will vary in their ability to transmit 
light if one has its glass surfaces coated. Shutters are made. 
to operate within a limited range of efficiency and will seldom 
remain open the exact amount of time indicated by the speed 
setting. Synchronizers, although quite dependable as a 
general rule, may get out of adjustment and fail to open the 
shutter at the proper time to fully utilize the flash. The 
power supply is a common cause of poor synchronization due 
to the fact that weak batteries or loose or dirty electrical con- 
nections will cause the lamp to be delayed more than normal 
in reaching its peak intensity. 

Guide numbers are based on the use of a lamp in a good 
metal reflector, indoors in an average sized room with medium 
colored walls and ceiling, with the reflector and camera in a 
straight line with an average subject. Any deviation from 
these average conditions, such as taking pictures outdoors at 
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night or in a large dark-colored interior with side lighting, 
will require a corresponding compensation in exposure. An- 
other important factor which may make it desirable to alter 
guide numbers is the method of processing the negative. 
Some people prefer a vigorous-working developer to obtain 
the maximum effective speed of the film, others a slow-work- 
ing developer to obtain a relatively thin negative with fine 
grain and good shadow detail for fast projection printing. 

Each flashlamp has a series of guide numbers assigned for 
use with various shutter and film speeds. Where an open 
flash or a time exposure would use all of the available light 
output of the lamp, a fast shutter speed on the other hand 
would only use a part of the total light. This requires a dif- 
ferent guide number for each major change in shutter speed. 
Similarly, a fast film will require less exposure than a slow film, 
making it necessary to give each major speed group of film a 
different guide number. Table 11-1 gives a typical set of 
exposure guide numbers for one particular lamp. Similar 
tables are prepared for each different size of flashlamp. 

For each combination of shutter and film speed, the guide 
number represents the product of the lamp-to-subject dis- 
tance multiplied by the f/stop. For this reason, the guide 
number can be used in two ways, to find the lamp-to-subject 
distance or the f/stop. To obtain the correct lamp-to-subject 
‘distance, select the guide number for the film and shutter 
speed being used and divide it by the f/stop you intend to use. 
For example, when a speed group 64 film is to be exposed at 
1/100 shutter speed, the guide number is 160. (See table 
11-1.) Iff/16 is to be used, divide 160 by 16 to determine the 
lamp-to-subject distance of 10 feet. In this case, the lamp 
should be placed 10 feet from the subject to obtain the proper 
exposure. To obtain the correct f/stop when the lamp has 
already been located at the desired distance from the subject, 
divide the guide number by this distance. For example, when 
using the same film and shutter speed as in the above example 
but with the light placed 20 feet from the subject, to find the 
correct f/stop, divide the guide number (160) by the distance 
(20). Then, 160+20=8 which indicates that f/8 is the cor- 
rect aperture for this exposure. Since the problem of f/stop 
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Table 11-1.—Typical guide number chart. 


ASA Tungsten film speed rating 


Shutter speed 
25-32 
Open, Time, 1/25__---_] 140 
1/50____- 130 
1/100___- 120 
1/200, 1/250__-- 90 
1/400, 1/500_-__- 70 





and lamp-to-subject distance can be solved either way, the 
unknown factor is usually determined by the particular scene 
to be photographed. For instance, if depth of field is of no 
consequence, the lamp should be located at such a distance 
as to give the best lighting and then determine the correct 
f/stop. But if the depth of field is of major importance, set 
the f/stop first and then determine the lamp-to-subject 
distance. 


TYPES OF PHOTOFLASH PHOTOGRAPHY.—Photoflash photo- 
graphy can be broken down into two general categories, open 
flash and synchronized flash, although there are numerous 
variations of each. One or more flashlamps may be used to 
provide the total illumination necessary to expose the film, 
or they may be used in combination with other lighting, either 
artificial or daylight. Situations arise in which satisfactory 
results can be obtained only when synchronized flash is used, 
such as photographing fast action indoors or in subdued light. 
Open flash is extremely advantageous when lighting a large 
static scene where other artificial illumination would be diffi- 
cult to provide. Open flash photography requires no syn- 
chronizing device and is accomplished simply by opening the 
shutter, flashing the lamp, and then closing the shutter. 
Synchronized flash requires a device to insure that the camera 
shutter is wide open at the time the flashlamp is burning at 
peak brilliance. 

OpEN FLASH.—The basic procedure for making an open 
flash exposure is extremely simple. With the shutter set on 
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TIME Or BULB, open the shutter, flash the lamp, and close 
the shutter. However, there are some important factors to 
consider in open flash photography. First, the camera 
should be supported on a tripod since the shutter probably 
will be open for several seconds. While it is possible to 
make hand-held exposures under certain conditions, this 
procedure is quite awkward and not recommended. The 
duration of the flash from a class M lamp is approximately 
1/50 second and of a class F approximately 1/200 second. 
In effect, this produces about the same result as a shutter 
speed of 1/50 or 1/200 second. Consequently, if the illumi- 
nation was low enough to produce no exposure while the 
shutter was held open and there was only slight object 
movement, the camera could be hand-held while taking open 
flash photographs. However, with the camera supported 
on a tripod, the shutter can remain open for several seconds 
in weak light; and although the film is being exposed to the 
scene, the image will not be blurred. 

The open flash method makes the fullest possible use of 
the light output in that the shutter is open for the entire 
duration of the flash. In selecting a guide number, be sure 
to use the one recommended for OPEN or TIME exposure. 
The lamp may be fired from any desired position. In fact, 
it is usually desirable to place the flash away from the 
camera to provide more even illumination. If the lamp is 
held at the camera position, nearby objects will receive much 
more light than those in the background. 

When an area is too large to illuminate with a single lamp, 
additional lamps may be placed in different locations to fur- 
nish the necessary light. All the lamps may be wired to 
fire simultaneously or they may be fired independently if 
there is very little movement in the scene and very little 
natural illumination. For instance, a large area could be 
photographed at night with a single flashgun by placing the 
camera on a tripod and opening the shutter, then walking 
throughout the scene and firing a flashlamp every few feet 
to illuminate every part of the scene. In using this tech- 
nique, if it is impossible to remain out of the field of view of 
the lens, shield the flash from the lens as much as possible 
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and try to prevent illuminating the person holding the 
flashgun. 

The exposure is calculated in exactly the same manner 
when several lamps are used as would be done for a single 
flash. Determine the lamp-to-subject distance for a single 
flash and try to maintain the same distance for every part of 
the scene. Naturally, if the picture is made in a large 
hangar or outside at night, the reflecting surfaces will be 
greatly reduced and the exposure will have to be increased 
accordingly. Under such conditions it will be necessary to 
open the diaphragm approximately two f/stops more than 
indicated by the use of guide numbers. The only time it 
will be necessary to change the method of determining the 
exposure when several lamps are used is when they are 
placed close together so that two or more lamps are illumi- 
nating one part of the scene. For example, if two lamps 
were placed on the camera instead of one, calculate the 
exposure for one lamp and then halve the exposure derived. 

SYNCHRONIZED FLASH.—The only real difference between 
open and synchronized flash is that with the latter method 
the shutter remains open for a much shorter duration. 
Synchronized flash makes it possible to take pictures under 
lighting conditions which would ordinarily make photog- 
raphy difficult if not impossible. For example, outdoor ac- 
tion pictures at night and sports events indoors require a 
fast shutter speed to stop action as well as more light than 
is generally available. 

When there is only one guide number for each size lamp 
in open flash photography, there are several in synchronized 
flash, one for each major shutter speed. The reason for this 
is that at higher shutter speeds only about 50 percent of the 
total light output of the lamp is used for the exposure. The 
shutter is open during only a small portion of the peak in- 
tensity when operating at 1/400 second. To permit a cor- 
rect exposure at this speed, the synchronizer must be very 
accurately adjusted. Even though perhaps half of the hight 
from a flashlamp is wasted at high shutter speeds, there is 
still plenty of light for making good exposures. The aver- 
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age flash at 7 or 8 feet from the subject will provide about 
the same illumination as the noonday sun. 

SINGLE FLASH.—Most flash photographs are made with a 
single flash at the camera. Such pictures are characterized 
by flat lighting on the subject and harsh black shadows on 
the background. This objectionable form of lighting can be 
minimized or overcome by several methods. One of the 
simplest ways is to detach the flashgun from the camera and 
hold it above and to one side of the camera. Another way 
is to place some diffusion material, such as a white handker- 
chief, cheesecloth, or frosted cellulose acetate, in front of the 
flashlamp. Of course, diffusion reduces the intensity of the 
light and the exposure will have to be increased accordingly. 

One of the best methods when using single flash is to 
bounce the light off a wall, ceiling, or a piece of paper onto 
the subject. Bounce flash produces an almost shadowless 
lighting and works best in a low-ceiling, light-colored room. 
The reflector of the flashgun is directed at the ceiling or the 
wall in front of the subject for the exposure. The exposure 
is determined by adding the flash-to-ceiling distance to the 
ceiling-to-subject distance, dividing the total into the guide 
number, and then increasing the exposure indicated by ap- 
proximately two f/stops. Although this is a vety useful 
method, it does require some experience to estimate the dis- 
tances and reflective ability of the surfaces of the room. 
Obviously, dark-colored surfaces will reflect less light than 
those painted white and will require additional exposure. 

MULTIPLE FLASH.—Although a single flash may be used 
in most situations, it has certain disadvantages which can 
be overcome by the use of multiple flash lighting. Addi- 
tional flashlamps on extension cords give better modeling 
and a more natural appearance to the photograph. When 
properly used, multiple flash lighting can rival the finest 
portrait work done with the usual tungsten illumination. It 
gives more light over large areas than a single lamp and, 
if properly placed, will subdue or eliminate the distracting 
shadows caused by a single lamp. Multiple flash provides 
better illumination of large areas when using a wide angle 
lens or when a large group of people is being photographed. 
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Multiple flash has the additional advantages of allowing a 
fast shutter speed, absence of excessive heat, and an abun- 
dance of illumination which permits the use of smaller f/stops 
when required. 

Be especially careful when using multiple flash to insure 
accurate synchronization. Batteries must be at full strength 
and all contacts clean. Two or three lamps can be used 
successfully on three batteries if the extensions are not too 
long and are in good condition. If more than three lamps 
are used or the extensions are long, additional batteries must 
be used to overcome the increased resistance in order to fire 
the lamps. When extra batteries are used, the solenoid syn- 
chronizer must be adjusted if the shutter is to be operated 
at speeds of 1/100 second or faster. At slower speeds this 
adjustment is not required. 

At first it may be a little difficult to visualize the lighting 
effect of multiple flash due to the short burning time of the 
lamps. One good way to study lighting arrangement and 
make a double check on proper placement is to insert photo- 
floods in reflectors and move them around until the desired 
effect is achieved. Then the extension flashlamps are sub- 
stituted for the photofloods for the exposure. 

Exposure for multiple flash is determined in the same 
manner as for single flash. Base all calculations on the key 
light and its distance from the subject. The key light is 
the main light source and furnishes the most intense illu- 
mination on the subject. The fill-in lights serve only to 
illuminate the shadows and have practically no effect on 
the intensity of the general lighting. 

SYNCHRO-SUNLIGHT.—It may appear utterly ridiculous at 
first glance to observe a photographer using a flash when 
taking a picture in bright sunlight. Actually it is just as 
sensible as using two or more lights when taking any interior 
view or a portrait, one is the key light and the other the 
fill in. Working in bright sunlight, the sun is the key light 
and the flash is the fill in. It is often desirable to reduce 
or otherwise change the lighting contrast of a subject in 
bright sunlight. When the sun casts deep shadows on the 
subject, it is quite difficult to obtain both highlight and 
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shadow detail in the negative. By filling in the shadow 
areas with a flash, the contrast is reduced to obtain good 
detail in all parts of the subject and make a much more 
pleasing picture. Synchro sunlight is a method of using 
supplementary illumination synchronized with sunlight for 
the purpose of obtaining better shadow detail in all types 
of outdoor photography. 

The outdoor flash can do an excellent job of lighting a 
difficult shot if properly handled. It can also produce the 
crude overilluminated effect of having been shot at night 
with a single flash. The basic problem is to balance two 
extremes of exposure on a single negative, each in itself pro- 
viding the correct exposure to the film. These two extremes 
are the normal daylight exposure for the highlights and the 
normal flash exposure to light the shadows. Thus, a flash 
exposure and a sunlight exposure must be harmoniously bal- 
anced during the instant the shutter is open in order to 
achieve a pleasant result. Naturally, the ratio between 
flash and sunlight will vary according to subject matter and 
the particular effect desired. Whether the shadows are to 
be eliminated or merely subdued must be determined by 
the photographer and the flash and sunlight balanced ac- 
cordingly. 

To determine the exposure for the average synchro-sun- 
light photograph, first determine the correct daylight expo- 
sure for the film and set the shutter and diaphragm just 
as though no flash is to be used. A picture made at these 
settings would give a normal exposure for daylight. For 
example, the correct daylight exposure has been determined 
to be 1/100 at f/16 and these settings have been made. Next, 
determine the correct exposure for the flashlamp. Use the 
same method of guide numbers as for determining exposure 
for interior flash work. Since the f/stop in this example has 
already been set at f/16, the problem is to determine how 
far the lamp must be placed from the subject. Referring 
to the table 11-1, we find that a guide number of 240 is to 
be used for a shutter speed of 1/100 second. Divide 240 by 
16 to obtain 15, the distance in feet that the lamp should 
be placed from the subject to produce a correctly exposed 
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synchro-sunlight photograph. In most cases it will be more 
convenient to use the flash in an extension so that the cor- 
rect lamp-to-subject distance can be maintained independ- 
ently of the camera. Although diffusion material can be 
used over the lamp to reduce its intensity, this will further 
complicate the problem unless it is known exactly how much 
the intensity will be reduced. 

If the combination of shutter speed and f/stop selected 
for the daylight exposure happens to work out to place the 
lamp either too close or too far from the subject, simply 
select a new combination that will allow the lamp to be 
placed at a more convenient distance from the subject or 
the photograph is likely to be a complete failure. 

Flash can also be used to good advantage for balancing 
interior subjects with daylight coming in through windows. 
‘When a view includes both interior and exterior subjects, 
follow the same procedure as for synchro-sunlight outdoors. 
Determine the correct daylight exposure and set the shutter 
and f/stop. Divide the f/stop into the guide number of the 
lamp and the result is the lamp-to-subject distance for good 
balance of lighting. 

PrecautTions.—One of the most embarrassing situations 
for a photographer is to go out on an important flash assign- 
ment and fail to get pictures. The failure may be due to 
faulty or inoperative equipment or just plain carelessness 
on the part of the photographer. Flash equipment is quite 
dependable and will seldom give trouble if the following 
precautions are observed: 

Make certain that all electrical contacts are clean and 
that they make a good tight connection. Dirty or loose 
fitting connections increase resistance to the flow of elec- 
tricity to the point where the lamp may not fire at all or will 
fire out of synchronization. 

Insure that batteries are not weak. If unable to test for 
amperage, install fresh batteries when there is any doubt 
of their strength. 

Insure that all components of the flash equipment are 
with the camera. A good way to make certain of this is to 
install the equipment on the camera and test it for satisfac- 
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tory operation. It is most embarrassing to arrive at the 
scene and start to assemble the equipment, then discover 
that the shutter connecting cord has been left in the labora- 
tory. 

Leave flashlamps in the protective paper carton until 
ready to use. They are much less likely to be damaged in 
handling or accidentally fired by radiant energy from radar. 
When ready to insert a lamp in the socket, be sure the base 
contact of the lamp is clean by scratching it on a rough 
surface. Do not wet the base of the lamp since this will 
cause corrosion of the contacts in the lamp socket. 

When making flash photographs under extremely cold 
conditions, keep the lamps warm until ready for use. A 
cold lamp is more likely to shatter when fired. Use a clear 
glass or plastic shield over the reflector to protect against 
flying glass whenever there is any possibility of injury to 
the subject. Keep the battery case warm if possible be- 
cause batteries may lose up to 60 percent of their efficiency 
when exposed to very low temperatures. 

Just prior to making the exposure, double check the shutter 
speed and f/stop settings and insure that the synchronizer 
is properly set for the type of lamp and method of synchroni- 
zation. Since there may be several types of shutters on the 
various cameras in the laboratory and some of them equipped 
with a solenoid for tripping, it is possible to trip the shutter 
with no delay for the lamp to reach its peak or a double 
delay may be set up so that the flash has expired before the 
shutter is opened. 


PREVENTIVE MAINTENANCE 


The Speed Graphic camera will give many years of trouble- 
free operation if handled carefully, stored under reasonably 
good conditions, and cleaned periodically. In general, it 
should be kept dry and free from dust and dirt. When a 
camera is used or stored in a warm, moist climate it will be 
necessary to clean it more frequently and put a light coat of 
oil on the metal parts in order to prevent rust and corrosion 
Whether a camera is used nor not, it should be inspected and 
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cleaned about every four months. If used frequently or 
stored in a dusty or humid climate, it should be inspected 
and cleaned more often. At the time of inspection, check 
the operation of both shutters and the solenoid. Check the 
focus of the rangefinder, ground glass, and focusing scales 
against each other. Go over the entire camera and tighten 
any screws which may have worked loose. 

CLEANING.—To clean the interior of the camera, extend 
the bellows and remove the lens board and focusing panel. 
Brush the interior with a stiff brush and blow out the dust. 
Do not use a wet brush or cloth on the interior. The exterior 
of the bellows may be cleaned with a lightly dampened 
cloth. While the bellows is extended, check for pinholes 
and cracks. These occur most frequently on the left-hand 
side due to fingernails of the left hand scratching the bellows 
as the hand is inserted through the carrying strap to grasp 
the camera. Clean the ground glass focusing screen with a 
damp cloth. 

The glass surfaces of the rangefinder, optical viewfinder, 
and especially the lens should be brushed with a soft hair 
brush frequently to remove any dust or dirt accumulation. 
Avoid touching the glass surfaces with the fingers but should 
they become fingerprinted, clean them with lens tissue im- 
mediately. Be particularly careful in cleaning the lens 
because the glass is easily scratched and the surface coating 
is easily worn off. Filters should be given the same care as 
a lens. 

Film holders, magazines, and film pack adapters should 
be cleaned each time before loading. Dust the septums, 
dark slide, and light trap slots with a camel’s hair brush to 
remove dust and lint. 

ADJUSTMENTS.—Solenoid trippers are adjusted when in- 
stalled so that they will cause the shutter to be delayed 
about 18 milliseconds in reaching the full open position after 
the circuit is closed by the lamp firing switch button. 
Rough handling or wear may cause the solenoid to get out 
of adjustment. 

If it is desired to shorten the time interval between the 
closing of the electrical circuit and the operation of the 
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shutter, the knurled cap at the top of the solenoid is turned 
clockwise (as viewed from above) until the desired time delay 
is obtained. A retaining spring, pressing against the knurled 
cap at the back, will prevent accidental turning from vibra- 
tion, shaking or normal use. To lengthen the time interval 
between closing the electrical circuit and operation of the 
shutter, the knurled solenoid cap is turned counterclockwise 
until the desired time delay is obtained. 

If the solenoid is transferred from one lens board to another 
or the shutter is exchanged, the position of the solenoid in 
its mount will require readjustment. To make this adjust- 
ment slightly loosen the screw of the clamp that encircles 
the body of the solenoid so that it may be moved vertically 
in its mount. Connect the hooked link at the top of the 
solenoid to the shutter release arm. Connect the solenoid 
to the solenoid outlet of the battery case with the connecting 
cable. Set the shutter at its top speed and cock. Close 
the lamp firing switch button and hold it closed so that 
the armature within the solenoid remains down. Slowly 
move the solenoid downward in its mount until it just trips 
the shutter. Release the switch button and while holding 
the solenoid in this exact position, tighten the clamp screw. 

When properly adjusted, the solenoid armature should be 
at the bottom of its stroke when the shutter release arm is 
at the point of tripping. To test this, cock the shutter and 
move the shutter release arm down very slowly by hand. 
At the exact point where the arm trips the shutter, energize 
the solenoid by pressing the switcb button on the battery 
case. This will not cause any further downward movement 
of the shutter release arm if the adjustment is correct. 
Neither will the shutter release arm move upward when 
the finger is removed so long as the switch button is held 
down. 

Rangefinders may be thrown out of adjustment by damage 
to the camera or rangefinder or it may be necessary to re- 
calibrate them due to fitting a new back or lens to the camera. 
In the majority of cases a correction of the infinity adjust- 
ment of the rangefinder is all that will be required. To 
make this correction, set the camera on a firm support and 
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Figure 11-34.—Rangefinder adjustment. 


focus carefully on some object at infinity (500 feet or more). 
Check the focus on the ground glass by using a magnifying 
glass. Then rotate the rangefinder bracket eccentric stud 
(1, fig 11-34) until the images in the rangefinder coincide. 
When this adjustment has been made, focus the camera 
on objects at 15 and 25 feet from the ground glass, checking 
carefully for agreement between rangefinder and zround 
glass at each distance. If lack of agreement is found at 
these distances, recheck the setting at infinity. If the 
rangefinder cannot be satisfactorily adjusted in this manner, 
it will require internal calibration. This is a much more 
involved procedure and should only be attempted by a 
qualified camera repairman. 

The reflector of the flashgun should be checked periodically 
to be sure that it is pointing straight to the front. If it is 
turned slightly to either side, the light will be directed more 
to that side, causing uneven exposure from one side of the 
film to the other. To correct this, loosen the clamp screws 
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on the flashgun bracket and turn the gun until the reflector 
is aimed straight to the front; then tighten the screws. 

Referring to figure 11-6, the position of the release arm 
(2) on the plunger rod (1) is important to the accurate 
tripping of the front shutter. It can be adjusted by loosen- 
ing the small setscrew on the release arm, and moving it 
up or down as necessary. The release arm should be 
positioned so as to insure easy and accurate tripping of the 
front shutter. When too far down, the shutter will not 
operate properly for time and bulb exposures. If it is too 
far up, the body release will have to be pushed in too far 
to release the front shutter, probably causing camera move- 
ment. 

Trestinc.—Both shutters, the rangefinder, and other parts 
of the camera can be checked visually for satisfactory 
operation. However, the performance of the synchronizer 
cannot be checked very accurately by visual means. Elec- 
trical and mechanical devices have been designed for the 
purpose of accurately adjusting the synchronizer for peak 
performance. When such a device is not available, there are 
a few tests which can be made with materials on hand in 
any laboratory which will insure sufficiently accurate 
synchronivation for most purposes. Refer to the section 
on ‘‘Synchronizers” for proper methods of testing. 


QUIZ 


1. The most accurate method of focusing the Pacemaker camera is 
through the use of 
a. rangefinder 
b. focusing scale 
c. ground glass focusing panel 
d. optical viewfinder 


S 
2. The drop bed feature is primarily used in conjunction with or for 
which of the following? 
a. A long focus lens 
d. A wide angle lens 
c. For linear correction 
d. For making a life-sized image 
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. The basis for computing the shutter speed for a focal plane shutter 
is the 

a. distance the shutter slit travels 

b. width of the shutter slit and speed it travels 

c. speed or type of film used 

d. f/stop required on the lens 


. When using the focal plane shutter, the 

a. front shutter must be set on T and opened 

b. focal plane shutter must be set on O 

c. front shutter must be set on slowest shutter piece 
d. lens must be at its widest aperture 


. A film pack adapter is being used and successive exposure intervals 
of 1/250 second are required at f/8. The proper procedure to 
employ before rewinding the focal plane shutter is to 

a. close the front shutter 

b. open the front shutter 

c. insert the darkslide 

d. stop down the lens 


. The rangefinder will not indicate sharp focus if 

a. both shutters are closed 

b. lens standard is in contact with infinity stops 
c. the lens is focused beyond six feet 

d. corrective movements of the lens are made 


. The element which permits the photographer to observe the 
entire image, to see the depth of field, and to judge the composi- 
tion exactly as it will appear on the film is the 

a. focusing panel 

b. rangefinder 

c. wire viewfinder 

d. optical viewfinder 


. The difference in fields which exists at the time of exposure between 
the view seen in a viewfinder and that which will actually be 
photographed by the lens is known as 

a. parallax 

b. the optical axis 

c. the parallel axis 

d. diffraction 


. To avoid undesirable linear perspective when photographing tall 
buildings from a low viewpoint (with the camera in the upright 
position), one would use the 

. swinging back 

. Tising front 

lateral shift 

. Swinging front 


acon 


543 


10. 


11. 


12. 


13. 


14. 


15. 


When the Pacemaker is mounted upon a tripod for vertical picture 
taking, the feature which serves the same purpose as the rising 
front for upright picture taking is the 

a. lateral shift 

b. swinging front 

c. tilting lens board 

d. drop bed 


The element used by the photographer to increase depth of field 
at a given f/stop is the 

a. rangefinder 

b. tilting lens board 

c. focusing panel 

d. drop bed 


The feature which permits the Pacemaker to be used for life-sized 
images with a normal focal length lens is 

a. a reasonably fast lens 

b. fast shutter speeds 

ce. direct focusing on the ground glass 

d. the double extension bellows 


In determining usable light output of a flashlamp, it is customary 
to compute the output 
a. as the lamp reaches its maximum intensity 
b. from the instant the burning is initiated 
ce. during the period in which intensity reaches half-peak and 
falls off to the same value again 
d. during the period of the entire flash and light output 


Flashlamps are classified according to 
a. the time required for reaching peak intensity and size of lamp 
b. their burning characteristics and amount of current applied 
c. the time required for reaching peak intensity and amount of 
current applied 
d. their burning characteristics and time required for reaching 
peak intensity after current is applied 


If a 30-millisecond delay flashlamp is used in a synchronizer for 
class M bulbs, one must use 

a. shutter speeds of 1/25 second or slower 

b. it for focal plane shutters only 

c. smaller f/stops to control light output 

d. lamp for open flash only 


. If the cobalt chloride spot on a certain type flashbulb is pinkish- 


white, it indicates the bulb 
a. has been fired 
b. is unsafe to handle 
c. is ready to be used 
d. has been damaged or broken 
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17. 


18. 


19. 


20. 


21. 


22, 


When firing a class M flashbulb with the Graphex shutter set for 
flash synchronization, the built-in synchronizer used, and the shut- 
ter speed set for 1/100 second, it is necessary to put the delay 
setting lever at the position indicating 


a. OFF 

b. BLACK M 
ec. RED M 
d. F-X 


To insure proper synchronization with a solenoid type synchronizer 
while using a three-celled flashgun, the minimum output should be 


a. 1.5 volts at 7 amperes 
b. 7 volts at 4.5 amperes 
c. 4.5 volts at 7 amperes 
d. 3 volts at 9 amperes 


When the solenoid is to be used for synchronization at 1/100 
second with three battery cells at their rated output, the delay 
control lever on the Graphex shutter must indicate what position? 


a. RED M 
b. BLACK M 
c. F-X 

d. OFF 


When using solenoid or internal synchronization, the white dot on 
the circuit controller must be at the position 


a. N 
b. 1 
c. 2 
d. none of the above 


A film with a speed group of 100 used with a particular flashlamp 
gives a guide number of 180 at 1/200 second. The distance over 
which it is desired to shoot is 12 feet from lamp to subject. The 
f/stop calculations would be approximately 


a. £/22 
b. f/11 
c. £/32 
d. £/16 


Using a film with a speed group of 50 and a shutter speed of 1/100 
second gives a guide number of 120 for a particular bulb. The 
desired aperture to use is f/11. What would be the distance from 
flashlamp to subject? 


a. 6 ft. 

b. 8.5 ft. 
c. 11 ft. 
d. 15 ft. 
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23. 


24. 


25. 


26. 


27. 


28. 


The duration of a class M flashbulb for open flash is computed as 
approximately what part of a second? 


a. 1/20 
b. 1/50 
ce. 1/75 
d. 1/100 


Bounce flash technique is particularly good in that it 


a. permits faster shutter speeds 

b. eliminates harsh shadows 

c. results in more accurate exposure 
d. lights up the entire area 


With multiple flash, two flashbulbs and reflectors of the same type 
are used for lighting in portraiture. Typical 45-degree lighting is 
employed. One light is placed at 7 feet from the subject and the 
other at a distance of 10 feet from the subject. The exposure is 
calculated from the 


a. light at 7 feet distance 

b. light at 10 feet distance 

c. distance at which both lights are set 
d. difference in distance of both lights 


If more than three cells are used for flash synchronization with a 
solenoid at 1/100 second or more, it is necessary to 
& use an extension constructed from wire of lower resistance 


b. adjust the lens opening 
c. check the solenoid for synchronization 
d. check the flashgun for synchronization 


A correct daylight exposure on a sunny day is 1/200 second at f/8. 
The synchro-sun flash for a particular bulb calls for a guide number 
of 90 with the film being used. In order to get a 2 to 1 lighting 
ratio, the flashbulb (in a reflector) would have to be approximately 
how many feet away from the subject? 


a. 15 
b. 20 
c. 12 
d. 8 


If the flashbulb is too close to the subject for synchro-sunlight 
flash, the 

a. highlights from the sun will appear chalky 

b. shadows created by the sun will be heavy 

c. negative will be overexposed in its entirety 

d. surrounding background and sky will appear too dark 


546 


CHAPTER 





FILTERS 


If the photographer carefully selects the film used for 
each assignment, he can make good pictures of many subjects 
without a knowledge of the optical properties of filters or 
the theory of their operation. But the Navy cameraman 
will have to cope with many problems which require a 
knowledge of the principles involved in the action of filters. 
Therefore, this chapter is intended to give him a practical 
working knowledge of filters and their use; of their effect in 
relation to the color sensitivity of photographic emulsions; 
the color of objects being photographed; and the color of 
the light source. 

In black-and-white photography, a filter can be used to 
record a color as either a lighter or a darker shade of gray 
in the print than it would have been rendered without a 
filter. Nevertheless, the effect of a filter depends upon the 
characteristics of the light source, the spectral sensitivity 
of the film, and upon the color of the light transmitted by 
the filter. Hence, to understand the function of filters, the 
photographer must be thoroughly familiar with the color of 
light and the film emulsion characteristics. 


THE COLOR OF LIGHT 


When all the wavelengths of visible radiation are present 
in equal quantities, the visual sensation produced is colorless 
or white light. Sunlight at midday is composed of approxi- 
mately equal parts of all the colors of the visible spectrum, 
and the result is a pure white light of great intensity. There 
is no standard for this visual level of illumination because 
the eyes have the ability to adapt the visual processes to 
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changing light conditions. The eyes will frequently notice 
changes in the intensity of sunlight near sunrise and sunset; 
but the casual observer is rarely aware of the fact that 
sunlight is composed of different amounts of the various 
light wavelengths at sunrise and sunset. Hence, the 
ability of the eyes to quickly adapt the processes of seeing 
to practically any amount of illumination will cause the 
observer to be less conscious of the color quality of light. 

It can be proven very easily that the eyes do adapt quickly 
to most any reasonably uniform distribution of visible 
radiation; for example, the eyes will tend to accept a tungsten 
light as being white when it is in a location where there is 
little or no daylight; but the same tungsten lamp will appear 
distinctly yellowish if it is moved to an area which is illumi- 
nated principally by daylight. Hence, light is not always 
made up of all the visible wavelengths in equal proportions; 
that is, a certain group of wavelengths may predominate in 
the prevailing illumination. When this happens, the light 
is colored. If the illumination consists principally of waves 
ranging between 400 and 500 millimicrons, the light seen 
will be blue. Turn back to chapter 2 and look at figure 2-2 
which shows a simple arrangement of the various groups 
of wavelengths and the different colors of the visible 
spectrum. 

Dispersion 


In chapter 2 it was shown that white light is a mixture of 
all colors and that each color has a particular wavelength in 
air. Furthermore, figure 2-2 illustrates that when white 
light is refracted, all of its colors or wavelengths are not 
refracted to the same degree. Some of the colors are 
refracted more than others, depending upon the wavelength. 
The shorter the wavelength of a color, the more it will be 
refracted. Hence, when white light is passed through a 
prism (fig. 12-1), the various colors that compose the 
light are separated or dispersed; and the whole range of 
spectrum colors can be seen spread out on a paper or ground 
glass screen. 

A pure spectral color is made up of light of only one 
wavelength or a very narrow band of wavelengths. When 
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Figure 12-1.—Dispersion of light by a prism. 


a narrow band of wavelengths of light enters the eyes, it 
produces the sensation of color. (In this case ‘‘sensation”’ 
does not mean thrill; it indicates the use of one of the five 
senses.) But the color sensation produced cannot be 
considered as wavelength of light, because the eyes are too 
easily fooled. Most of the colors seen are not pure spectral 
colors; they are usually mixtures of spectral colors, and the 
visual sensations produced by these mixtures are not always 
what the viewer would expect. 

PRIMARY cCoLoRs.—The eyes interpret all the incident 
light that strikes them. They do not analyze the various 
mixtures of wavelengths into their constituent radiations. 
Then, we may logically conclude that the eyes do not 
possess a separate sensitivity mechanism for each wave- 
length band of light. It has been found, as a result of many 
practical experiments, that almost any color can be matched 
by suitable mixtures of RED, GREEN, and BLUE LIGHT—the 
PRIMARY COLORS OF LIGHT. 

There are about 130 different hues recognizable in the 
spectrum. But it has been definitely established, through 
experiments, that the eyes see all of these colors as combi- 
nations of the three broad regions of the spectrum to which 
they are sensitive. Roughly, one-third of the color sensitive 
nerves in the eyes respond to light between 400 and 500 
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mu, termed blue; one-third to the light from 500 to 600 mu, 
green; and one-third from 600 to 700 mu, which is red. 
Thus, the whole spectrum can be divided into three broad 
bands—blue, green, and red. 

Here is an experiment the photographer can use to prove 
this for himself. He will need three flashlights, a sheet of 
white cardboard, a darkroom, and three pieces of colored 
celophane—one red, one green, and one blue. One sheet 
of cellophane should be placed over the lens of each flashlight 
and secured in place with a rubber band. Stand the card- 
board on edge, turn out the room lights, and throw the three 
colored flashlight beams on the cardboard. The intensity 
of each beam can be controlled by varying the distance be- 
tween the flashlights and the cardboard. By mixing various 
combinations of these colored light beams, in various in- 
tensities, almost any color ever seen can be duplicated. 

FORMATION OF SECONDARY COLORS.—Throw the red beam 
on the white board, and then mix about half of the green 
beam with the same amount of the red beam. Adjust the 
intensities of the colored beams by moving one light forward 
or backward, until the mixture appears bright YELLOow. 
Then add the blue beam to a portion of the yellow. If the 
blue beam has the correct intensity, the mixture of all three 
beams will produce the sensation of white light. Furthermore, 
the secondary colors will be formed where any two of the 
primary colors overlap. Where only the blue and green are 
mixed, the color will be cyan; and the mixture of blue and 
red will produce MAGENTA. (See fig. 12-2.) The third 
secondary color (yellow) was the result when green and red 
were mixed. . 

PHOTOGRAPHER’S COLOR WHEEL.—A colored filter, as 
illustrated with the colored cellophane over the flashlight 
lenses, transmits only the light of its own color and absorbs 
all or part of the other colors of light. Therefore, in order to 
fully understand the transmission and absorption powers of 
filters, it is necessary to further examine the color of light. 
White light is composed of the three primary colors—red, 
green, and blue. A filter having one of the primary colors 
will transmit its own color and absorb the other two primary 
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Figure 12-2.—Mixed beams of the three primary colors of light. 


colors. The light passing thrugh a red filter, for example, 
looks red because the filter transmits red and absorbs blue 
and green. A secondary color is a mixture of two primary 
colors. Yellow, for instance, is a combination of red and 
green. Since a filter passes light of its own color and absorbs 
all other colors, a yellow filter will transmit red and green 
light and absorb blue light. Magenta filters transmit red 
and blue light and absorb green light. Cyan transmits blue 
and green and absorbs red. Figure 12-3 shows the primary 
colors and illustrates the formation of secondary colors. 

Red, green, and blue, the primary light colors, are the first 
or primary divisions of the light spectrum. All colors can 
be formed by combining these colors. The combination of 
any two primary colors produces a secondary color. These 
combinations are shown in very simple form in figure 12-3. 

COMPLEMENTARY coLors.—A color is complementary to 
another color when a combination of the two colors will 
produce white light. Yellow is complementary to blue be- 
cause yellow light, which is composed of red and green, 
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Figure 12-3.—Primary and secondary colors. 


added to blue hight produces the sensation of white light. 
Remember the simple diagram in figure 12-3, because the 
complement of any color can be easily found directly across 
or on the opposite side of the diagram from that color. 
Furthermore, since the complementary color is a mixture of 
the other two primary colors, each secondary color is the 
complement of the third or remaining primary color. In 
other words, the complementary color of any primary color 
is a mixture of the other two primary colors. For example, 
the complementary color of red is cyan, which is a combina- 
tion of blue and green. 

Compare the following statements with the photographer’s 
color wheel in figure 12-3: 
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1. A primary color is one of the three basic divisions of 
white light. 

2. A secondary color is a mixture of two primary colors: 
Red plus green forms yellow. 
Green plus blue produces cyan. 
Blue plus red makes magenta. 

3. The complementary color of any primary color is a 
combination of the other two primary colors: 
The complement of red is cyan, green plus blue. 
The complement of green is magenta, blue plus red. 
The complement of blue is yellow, red plus green. 


Reflection and Absorption 


In the study of the spectrum, we learned that the total of 
all wave bands produce white light. On the other hand, 
when only a portion of the total white light wave bands are 
seen, the result is colored light. Thatis, color is formed when 
the other colors are subtracted from white light. Hence, 
colored objects viewed under white light appear other than 
white because they absorb some of the light falling upon 
them. If this absorption is uniform in all three primary 
colors, the object appears gray. But if the object selectively 
absorbs one or more of the primary colors and reflects the 
others, then the object will appear colored. Therefore, an 
object appears the color that it reflects or transmits, and it 
is termed plus that color. Furthermore, an object absorbs 
the color which is complementary to the reflected or trans- 
mitted color, and it is termed minus that color. Most 
natural colors are formed by subtracting (absorbing) one or 
more colors from white light and may be described as minus . 
colors. 

The absorption powers of a filter depend upon the purity 
of its color. A light yellow filter, for example. will absorb 
only part of a pure spectral blue, whereas a pure yellow filter 
will absorb all blue light. Therefore, a pure yellow filter 
may be called a MINUS BLUE FILTER, and it should be used 
only with films that are sensitive to green, yellow, orange, 
and red light. | 

PRIMARY RAYS.—When blue paint is mixed with yellow 
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paint, the result is green paint—not white as is the case when 
yellow and blue light beams are combined. But mixing 
paint is different from mixing beams of colored light. And 
we should closely examine what actually happens when blue 
paint is mixed with yellow paint. The purest paint reflects a 
mixture of colors. Blue paint will usually reflect some of the 
spectral violet, a high percentage of the spectral blue, and 
some of the green. Blue paint will absorb all other colors. 
Yellow paint will absorb the violet and blue; but it will 
reflect some of the green, and nearly all of the yellow, orange, 
and red. Then if the two paints are mixed together, their 
absorbing powers are combined. What color of light is left 
that neither the blue nor the yellow paint absorbs? The 
answer should be some of the green. When blue paint and 
yellow paint are mixed, they absorb all colors except green. 
Hence, the mixture of the two will reflect only the green 
portion of the incident white light. 

No one has ever produced a paint that would reflect just 
one spectral color and absorb all the other colors. But sup- 
pose that a paint could be made that would reflect spectral 
blue and absorb all other hues. If it is mixed with a paint 
that reflects only spectral yellow, the mixture will not appear 
green—it will be black. All light reflected by one of the 
paints will be absorbed by the other. Therefore, the mix- 
ture will absorb all of the light that falls upon it. 

OBJECT SURFACE.—The appearance of an object can be 
altered by changing the color of the light incident upon it. 
The nature of the object will not change, but its appearance 
changes relative to surrounding objects. For instance, an 
object viewed by a light it totally reflects will appear identical 
to a white object; but if the same object is viewed by a light 
that it completely absorbs, the object will appear black. 

In the light from a red darkroom lamp, all green objects 
will appear black, because red light is minus green, and there 
is no green light for the green objects to reflect. - Hence, a 
colored object will reflect light of its own color; and a colored 
object will appear colorless (black) when the light falling 
upon it does not include its own color. However, natural 
colors seldom totally reflect or absorb any portion of the 
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spectrum. Thus, the absorbing and reflecting of varying 
amounts of all the primaries make possible the 130 different 
hues, shades, and tints that color our surroundings. 

Finally, the photographer should logically consider the 
_color of objects as simply a matter of reflection and absorp- 
tion. If an object reflects all the wavelengths that make up 
white light, the reflected light will remain white. Hence, 
white light remains white when none of the wavelengths are 
absorbed by the reflecting surface. A sheet of white paper 
will reflect all the wavelengths of white light. 

If, on the other hand, white light falls on an object which 
absorbs some of the wavelengths, the object will be colored. 
The wavelengths that are reflected determines the color of 
the object. A red object appears red because it reflects the 
red wavelengths and absorbs the waves which produce green 
and blue. (See fig. 12-4.) 

In the same manner, & green object absorbs more red and 
blue than green. A yellow object reflects more red and green 
than blue, and the reflected mixture of red and green appears 
yellow. The failure of an object to reflect color is termed 
COLOR ABSORPTION. 





Figure 12-4.—Why a red book appears red. 
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The human mind gives to each color a different brightness 
factor. Yellow is sensed as very bright and violet as a very 
dark color; blue, red, and green fall between these extremes. 
A photograph appears natural only when the brilliance of its 
tones matches the corresponding brilliance of the original 
object’s colors. 

In black-and-white photography, the cameraman will 
normally attempt to record the different colors of an object 
in various tones of gray ranging from white to black. He 
should strive to make bright colors appear a light shade of 
gray and darker colors a darker shade of gray. In a good 
photograph, a yellow object will appear a lighter gray than a 
green object; and a blue object should photograph as a 
darker gray than a green object. The use of the proper film 
and filter combination will achieve this natural appearance. 
The proper filter for this correction will subdue just those 
colors to which the film is most sensitive. 


THE THEORY OF FILTERS 


Filters are used to change the normal response of photo- 
graphic emulsions to certain wavelengths of light. These 
changes may be desired for artistic effect, to increase con- 
trast, or for photographing certain colors at the exclusion 
of other colors. 

The intelligent use of filters will improve a large percentage 
of photographs. But, in many situations, the lack of a 
thorough understanding of the effects of filters, on the 
response of an emulsion to light, is the foremost reason for 
many photographer’s hesitation about using them. 

The purpose here is to provide the information that will 
enable the cameraman to produce the results he wants by 
intelligently applying the fundamentals of filter theory in 
each situation as it arises. 


Definition 


When the term FILTER is used in a photographic discussion, 
it usually refers to a transparent colored medium employed to 
regulate either the color or the intensity of the light used to 
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expose the film. The color of the filter determines the color 
of the light which will reach the film; but in the case of a 
neutral density or colorless filter, only the intensity of the 
light is regulated. Filters for these purposes vary consider- 
ably, since they are composed of transparent materials which 
may be colored to greater or lesser degrees. Some are so 
nearly colorless that they escape casual notice; whereas others 
are so deeply colored that they appear almost opaque. In all 
cases, however, the filter is used to modify the light which 
will pass through the camera lens to the film. Furthermore, 
this discussion of colored filters is primarily concerned with 
photographing all colors as different shades of gray and 
should not be confused with the subject of natural color 


photography. 
Construction 


Filters are designed and made to affect light in different 
ways. For example, some reduce only the quantity of light 
and make no change in the relative color quality, and some 
change the relative percentage of the colors in light but do 
not completely remove any color; while others will remove 
(for all practical purposes) one or more colors from a beam of 
light. Hundreds of these filters are available from different 
manufacturers, all designed for making definite changes or 
modifications in the light used for photography. 

Aside from variations in color and density, colored filters 
are available in several different forms: dyed gelatin sheets, 
dyed gelatin cemented between glass, and dyed or colored 
glass. The PLAIN GELATIN FILTERS are made by adding 
suitable dyes to high-grade gelatin in solution. The dyed 
gelatin solution is spread on glass in a thin uniform layer. 
After the thin gelatin layer has dried, it is stripped off the 
glass and out into sheets. Individual filters may then be 
out to any desired size from the dyed gelatin sheets. Gelatin 
filters produce excellent results and introduce a minimum of 
optical distortion in the filtered image. But gelatin filters 
require extreme care in handling to prevent blemishes, 
fingermarks, and discoloration. See “Care of Filters,” a 
later section of this chapter. 
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GELATIN FILTERS CEMENTED BETWEEN OPTICAL GLASS.— 
Generally, filters prepared by cementing dyed gelatin sheets 
between carefully selected optical glass are satisfactory, if 
the cementing is done properly to avoid strains in the glass. . 
Dyed gelatin filters are by far the most important, because 
of the large number of suitable dyes available. Filters 
having almost any desired absorption characteristics can be 
produced by this process. Plain gelatin filters are easily 
damaged, but this disadvantage is overcome by cementing 
them between hand-ground, optically flat glass. Neverthe- 
less, these filters must be protected from heat and moisture. 
Excessive strain may cause the cement to give way, thus 
producing discolored blemishes in the filters which affect its 
performance. 

Filters of the cemented type are available in either grade 
A or grade B glass. The grade denotes the optical quality. 
Grade A glass is optically flat and its surfaces are parallel. 
The optical quality of grade A glass is equal to that in good 
lenses—carefully hand polished to practically perfect flat- 
ness. They are built to resist mechanical strains, which 
produce optical defects. For exacting work, especially with 
lenses of 10-inch focal length and longer, this accuracy is 
essential. 

Grade B glass is good quality glass, but these filters will 
introduce some optical distortion in the filtered image. 
However, with the shorter focal length lenses (less than 10 
inches), they render satisfactory results for many types of 
photography. The relationship between focal length and 
the optical quality glass filters is a result of the fact that 
image distortion introduced by these filters is proportional 
to the focal length of the lens with which they are used. 

Filters of the gelatin-glass cemented type are available in 
both square and circular form. They are designed to be 
mounted in a filter holder which is normally attached to the 
front of a camera lens for use. (See fig. 12-5.) Most round 
filter mounts hold the filter in place with a threaded collar 
termed @ RETAINER RING. The filter should fit snugly in the 
mount, but any undue pressure applied by the retainer ring 
can cause distortion due to uneven compression of the gelatin 
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Figure 12-5.—Filters and holders. 


filter between the glass. The square filter holders eliminate 
any possibility of distortion, due to uneven compression, 
since the filters fit in loose slots. The square holders are 
also adjustable, and they can be used to adapt filters to 
lenses of several different sizes. 

COLORED GLASS FILTERS are produced by adding dyes to 
molten optical glass. They are the most permanent and are 
also of high quality, but cannot be obtained in as many 
colors as may be desired. The number of coloring substances 
that can be added to glass is limited; and it is difficult to 
produce a uniformly colored product. Furthermore, their 
absorption characteristics are not very well adapted to the 
requirements of many all-color sensitive films. 

All glass filters will either shorten or lengthen the focal 
length of a lens (depending upon whether the filter is mounted 
in front or behind the lens) approximately 4 the thickness 
of the glass. Thus, in very precise work, especially with 
long focus lenses, this change should be considered. In such 
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cases, however, compensation can be made by focusing on a 
ground glass screen with the filter in place. 


Function 


Human eyes and photographic film do not respond equally 
to all colors. The eyes sense the brightness or dullness of 
colors; but film records colors as a range of grays, and these 
grays may not indicate how bright or dull these colors ap- 
pear to the eye. When film is exposed by unfiltered light, a 
bright yellow may reproduce as a dark gray, and a medium 
blue may be depicted as a very light gray in the print. The 
eyes are most sensitive to yellow and green, whereas all 
films are most sensitive to blue, violet, and to ultraviolet 
which the eyes do not see at all. Consequently, the photo- 
graphic reproduction may be unsatisfactory in some cases— 
blue skies too light, green grass too dark—and it is often 
necessary to use filters designed to render a scene or subject 
in tones which will appear natural to the eyes. 

Filters may be regarded as special glasses which enable 
the film to see better, or to render various colors as a range 
of grays. A filter will differentiate colors in the film so they 
may be faithfully reproduced as different grays in the print. 
For example, objects in distant scenes on hazy days appear 
partly hidden by a blue veil and photograph as gray upon 
gray. This haze is composed of air, water vapor, and dust 
particles which scatter more blue, violet, and ultraviolet 
light than green and red light. A yellow or a red filter—de- 
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Figure 12-6.—Haze penetration. 
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pending upon the amount of haze—can penetrate the haze 
because they absorb blue, violet, and ultraviolet light. Then 
the veil is eliminated, since the distant objects can be clearly 
photographed by either green and red light or red light. 
(See fig. 12-6.) 


Classification of Types 


In the limited space of this chapter, it is not possible to 
discuss in detail the purpose and application of all the filters 
commercially available. Those of photographic importance 
are supplied to service photo units and may be divided 
broadly, according to their transmission characteristics, into 
two types: (1) those which transmit all the visible spectrum, 
the transmission varying with wavelength; and (2) those in 
which the absorption for a portion of the spectrum is, for 
photographic purposes, complete. The filters falling into 
any single classification perform generally the same function, 
the various types representing different functional at- 
tributes. 


The filters of the first type are referred to as CORRECTION, 
compensating, equalizing, and sometimes orthochromatic 
filters, because they are employed to obtain a more correct 
reproduction of color as tones of gray in the black-and-white 
print. To produce the best results, a filter of this type must 
have the transmission characteristics necessary for the par- 
ticular emulsion and light source with which it is used. Re- 
view ‘Film Characteristics’’ as discussed in chapter 5, 
especially ‘‘Panchromatic Emulsions.”’ 


Filters of the second type are usually termed conTrast, 
selective, or separation filters, because they provide virtually 
complete absorption for certain colors in the subject being 
photographed. That is, they separate, or increase the con- 
trast between one color and any others that may be present 
in the subject. Filters of this type have many applications 
in commercial and technical photography, especially where it 
is necessary to emphasize one color of the subject in order to 
show the pattern and the structure, or to provide greater 
contrast between different areas of nearly equal brightness. 
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The color transmitted by these filters reproduce light in the 
print; those in the absorption range of these filters print dark. 


Common Types 


CoRRECTION FILTERS.—Correction filters equalize the color 
sensitiveness of film emulsions to make them nearly coincide 
with that of the eye. These filters are designed to reduce 
the intensity of all color wavelengths in a pleasing proportion 
according to the emulsion sensitivity of a certain type of 
panchromatic film. No color is removed completely, but 
one or two colors may be reduced in strength more than 
others. The problem is to select the filter which will pass the 
colors in the proper proportion for the film and light source 
being used, and for the needs of the finished picture. 

The correction filter which accomplishes the desired effect 
with one type of emulsion will not work so well with another 
film type. For the average outdoor scene, particularly when 
‘ personnel appear in the picture, the use of any of the cor- 
recting filters will give better results than will be obtained 
without a filter. Type B panchromatic emulsions in average 
daylight come nearer to correct color rendition when a filter 
is not used than any other black-and-white film, but even 
they give better results with a suitable filter. 

This equalizing of color sensitiveness is accomplished by 
the use of yellow or yellow-green filters of varied transmission 
characteristics. As you have learned, the sensation of yellow 
is produced by the simultaneous perception of green, yellow, 
orange and red, of which yellow light is composed. Yellow, 
therefore, absorbs only the light in the blue-violet end of the 
spectrum. Thus, a yellow filter will absorb a portion of the 
blue-violet indicated in the sensitivity curves of panchromatic 
film. (See fig. 5-2, ch. 5.) The correction filters generally 
available to photo units are K-2, X-1, X-2, Aero 1, and Aero 
2. All of these filters show varying degrees of yellow-green 
when seen in daylight. They are to be used when making 
pictures of multicolored objects in which good color separa- 
tion is desired. 

Though panchromatic films are sensitive to all visible 
colors, they do not reprcduce colors in relative shades of 
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Table 12-1.—Correction filters. 





Film Daylight Tungsten light 
Type B pan.________- K-2 (yellow)... __- X-1 (green). 
Type C pan_________- X~1 (green).....__.| X-—2 (green) 
Type C pan_________- Aero 1 (1,000 to 2,000 ft.) 
Type C pan__________ Aero 2 (2,000 to 5,000 ft.) 


Apparent color Color transmitted 


¥ of the blue 
¥ blue and 34 red 
16 blue and ¥% red 





gray that will appear natural to the eyes. Blue appears 
quite dark to the eyes, but film, being very sensitive to blue, 
will reproduce it as light in the final print. By using the 
proper filter, however, the response of the film can be changed 
to reproduce colors in their relative brightness as seen by the 
eye. The reproduction of color brightness in relative shades 
of gray is termed ORTHOCHROMATIC RENDITION. The filters 
used to achieve orthochromatic rendition are termed correc- 
tive Or CORRECTION FILTERS. 

When a filter is not used, some colors will blend together 
more than desired. If the wrong filter is used, the blending 
will usually be too great in some other portion of the scene. 
With the correct filter, each color will be shown to best 
advantage. All correction filters require the use of pan- 
chromatic film for best results. Table 12-1 lists the recom- 
mended filters for a particular panchromatic film and light 
source. 

ConTRAST FILTERS.—Many subjects should not be re- 
produced in the photograph as the eyes see it. Often in the 
case of drawings and paintings, some objects in them are 
distinguished by a difference in color only, and therefore it is 
necessary for the photographic reproduction to render some 
contrast between the colors, otherwise they may appear the 
same shade of gray in the print. For instance, very light 
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The color transmitted by these filters reproduce light in the 
print; those in the absorption range of these filters print dark. 


Common Types 


CORRECTION FILTERS.—Correction filters equalize the color 
sensitiveness of film emulsions to make them nearly coincide 
with that of the eye. These filters are designed to reduce 
the intensity of all color wavelengths in a pleasing proportion 
according to the emulsion sensitivity of a certain type of 
panchromatic film. No color is removed completely, but 
one or two colors may be reduced in strength more than 
others. The problem is to select the filter which will pass the 
colors in the proper proportion for the film and light source 
being used, and for the needs of the finished picture. 

The correction filter which accomplishes the desired effect 
with one type of emulsion will not work so well with another 
film type. For the average outdoor scene, particularly when 
- personnel appear in the picture, the use of any of the cor- 
recting filters will give better results than will be obtained 
without a filter. Type B panchromatic emulsions in average 
daylight come nearer to correct color rendition when a filter 
is not used than any other black-and-white film, but even 
they give better results with a suitable filter. 

This equalizing of color sensitiveness is accomplished by 
the use of yellow or yellow-green filters of varied transmission 
characteristics. As you have learned, the sensation of yellow 
is produced by the simultaneous perception of green, yellow, 
orange and red, of which yellow light is composed. Yellow, 
therefore, absorbs only the light in the blue-violet end of the 
spectrum. ‘Thus, a yellow filter will absorb a portion of the 
blue-violet indicated in the sensitivity curves of panchromatic 
film. (See fig. 5-2, ch. 5.) The correction filters generally 
available to photo units are K-2, X-1, X-2, Aero 1, and Aero 
2. All of these filters show varying degrees of yellow-green 
when seen in daylight. They are to be used when making 
pictures of multicolored objects in which good color separa- 
tion is desired. 

Though panchromatic films are sensitive to all visible 
colors, they do not repreduce colors in relative shades of 
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Table 12-1.—Correction filters. 





Film Daylight Tungsten light 
Type B pan_.___.__-- K-2 (yellow) __._._-- X-1 (green). 
Type C pan_-____.-_-- X-1 (green)_...__--_| X-—2 (green) 
Type C pan________-- Aero 1 (1,000 to 2,000 ft.) 
Type C pan______--_-- Aero 2 (2,000 to 5,000 ft.) 

Filter Apparent color Color transmitted 
ey ee Cen Yellow....._____-. _| % of the blue 
ss Se at Light green_._____-- 4 blue and 34 red 
Dr eee a eee eee ees Gre@hsscsccSetebse 16 blue and 4 red 


gray that will appear natural to the eyes. Blue appears 
quite dark to the eyes, but film, being very sensitive to blue, 
will reproduce it as light in the final print. By using the 
proper filter, however, the response of the film can be changed 
to reproduce colors in their relative brightness as seen by the 
eye. The reproduction of color brightness in relative shades 
of gray is termed ORTHOCHROMATIC RENDITION. The filters 
used to achieve orthochromatic rendition are termed correc- 
tive Or CORRECTION FILTERS. 

When a filter is not used, some colors will blend together 
more than desired. If the wrong filter is used, the blending 
will usually be too great in some other portion of the scene. 
With the correct filter, each color will be shown to best 
advantage. All correction filters require the use of pan- 
chromatic film for best results. Table 12-1 lists the recom- 
mended filters for a particular panchromatic film and light 
source. 

ConTRAST FILTERS.—Many subjects should not be re- 
produced in the photograph as the eyes see it. Often in the 
case of drawings and paintings, some objects in them are 
distinguished by a difference in color only, and therefore it is 
necessary for the photographic reproduction to render some 
contrast between the colors, otherwise they may appear the 
same shade of gray in the print. For instance, very light 
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yellow and comparatively dark blue will usually photograph 
the same shade. In order to secure contrast between color 
combinations of this type, one of the colors must be weakened 
by the action of a filter which leaves the other color un- 
affected. The filter selected should transmit one of the colors 
and absorb the other more or less completely. Thus, con- 
trast between green and red could be affected by using a 
green or a red filter. The green filter would make green 
lighter than the red, whereas the red filter would eliminate 
green entirely and yield a print that would represent green as 
black and the red as white. Hence, filters of this type are 
extensively used in copying blueprints and colored maps. 
Filters used for exaggeration or elimination of a color are 
termed CONTRAST FILTERS. 

Contrast filters are designed to remove some wavelengths 
completely, and they change the percentage of other colors. 
Thus, any color may be completely eliminated from the 
picture by increasing the contrast between colors, or by mak- 
ing two or more colors photograph equally dark or light. 

The contrast group of filters is by far the largest of the 
two classifications and include practically all filters not listed 
in the other group. For example, in the set of eight filters 
supplied for use with the view cameras, the A, B, C, F, and 
G are contrast filters. Another useful contrast filter in 
most units is the minus blue filter, which is nearly the same 
as the G filter. The minus blue filter is used to eliminate 
haze in distant scenes. 

Table 12-2 lists the Wratten filters ordinarily used as 
contrast filters. All of these filters absorb ultraviolet light. 


Table 12-2.—Contrast filters. 


Filter Color Light transmitted 
At INGOs 25 sue842 4552 Red 2 34.2.0 eco Red and infrared. 
BeoN0, 08242242528 Green__________-_- Green only. 
C5: No. 47__.___-_-- BlU@ ss Ye eet Blue only. 
Fo Nos 29. 2.02. 22'o) Dark red____.---- Dark red and infrared. 
Gr NOs Toscece 22556 Orange_________-- Green and red. 
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SPECIAL PURPOSE FILTERS.—There are a few other filters 
with which every cameraman should be acquainted. The use 
of ultraviolet and infrared filters will be briefly described 
here; polarizing filters are discussed later in this chapter. 

The invisible ultraviolet light (at the short wavelength 
end of the spectrum) makes a visible effect on most emulsions. 
Generally it is not difficult to control, since any filter which 
cuts out a slight quantity of the visible blue light will also 
remove ultraviolet light. But when making pictures with 
natural color films, it sometimes becomes necessary to use 
one of the ultraviolet filters, UV-15, UV-16, UV-17, or 
UV-18—depending upon the degree of correction needed. 
These filters make very little change in visible colors. When 
using the UV-18 with daylight type color film, however, 
there will be a very slight increase in the yellow-greens. 
None of the others make any visible change in the colors 
aside from removing the excessive bluish rendition of outdoor 
scenes. 

The filters given in table 12-3 are for use with panchro- 
matic films. They will remove the hazy veil of blue light 
which obscures objects in distant scenes. 

Haze should not be confused with mist or fog which affect 
film as white or gray, and on which haze penetration filters 
have no effect. Atmospheric haze is always present, but it 
is especially noticeable in distant scenes and from high 
altitudes. 


Table 12-3.—Haze penetration filters. 


Wratten filter Color Transmits Absorbs 

Aero 1_____ Light yellow___| Green and red__} Ultraviolet, violet, 
and some blue. 

Aero 2____- Yellow____-_-- Green and red__| Ultraviolet, violet, 
and most blue. 

G: No. 12_| Orange minus | Green and red_-_} Ultraviolet, violet, 

blue. and blue. 
A: No. 25_| Red________-_- Red and Ultraviolet, violet, 
infrared. blue, and green. 
89A______- Reddish black _| Infrared only---| All colors. 


The greatest haze effect is the result of ultraviolet scattering 
which the eyes cannot see. Violet and blue-violet light are 
also scattered, but in a lesser degree. Green is scattered 
still less, red very little, and infrared hardly at all. In-order 
to penetrate haze, a filter should be used that will absorb 
the blue end of the spectrum. A dark yellow filter pro- 
duces better haze penetration than light yellow, and a red 
filter is better than dark yellow. But the best results are 
obtained when infrared film is used with an infrared filter. 

The infrared light at the long wavelength end of the 
spectrum is never any problem in ordinary photography 
because most films are not very sensitive to infrared. This 
light can be quite helpful in taking photos under adverse 
conditions of visibility as a result of distance, haze, or fog. 
The filters for this use are all deep red in color, and filters 
for absolute infrared rendition appear to be black at first 
glance. The A and F filters in table 12-2 will give good 
haze penetration results with this light when used with 
special infrared emulsions. However, even infrared film 
and infrared filters are of no effect against smoke or clouds. 


Application of Filters 


FILTER FacTors.—In practically all cases, the use of 
filters will require some additional exposure. The correct 
exposure with a filter is nearly always greater than when a 
filter is not used. Therefore, each filter has a multiplying 
factor to enable the cameraman to use it effectively. 

As pointed out earlier, filters act by absorption. The light 
which the filter does not absorb is either reflected or trans- 
mitted. Only the transmitted light exposes the film, hence 
the photographer is generally more interested in the light 
that is passed rather than in the light that is stopped. 
However, the amount of light absorbed by a filter has a 
direct effect upon the amount of exposure necessary to pro- 
duce normal density in a negative. The light absorbed by 
the filter never reaches the film. Some allowance must be 
made in the exposure, otherwise the film will not receive 
sufficient light to produce a good negative. 

Since filters absorb light, more exposure must be given. 
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The number of times the exposure must be increased to 
compensate for the absorption of light by a filter is termed 
the FILTER Factor. This factor is dependent upon the color 
of the filter, the color sensitivity of the film, and the color 
of the light source. 

VARIETY OF FACTORS.—The increase in the exposure re- 
quired is determined by the multiplying factor or filter factor 
for each filter. This factor will change when either the film 
type or the illumination is changed. With panchromatic 
film, for example, the filter factor for a red filter is smaller in 
tungsten light than in daylight, because the tungsten light is 
higher in red content. Daylight, as you have already 
learned, differs from tungsten in the relative amounts of 
red and blue light present. Daylight is rich in ultraviolet 
and blue, whereas tungsten is rich in red, has little blue, and 
practically no ultraviolet. A filter which cuts out ultraviolet 
and blue will require a considerable increase in daylight 
exposure. But the same filter will not affect tungsten light 
very much, and therefore would require a lower filter factor 
when used with tungsten light. 

The filter factor for a yellow filter will be much greater 
when used with orthochromatic emulsions than when used 
with panchromatic emulsions. (Review the spectrograms in 
figure 5-2 of chapter 5.) The more sensitive an emulsion 
is to the color transmitted by a filter, the smaller the filter 
factor will be for that combination. On the other hand, if 
the same filter is used with another type of film which is less 
sensitive to the color transmitted by the filter, the factor 
will necessarily be much larger. | 

Furthermore, no two batches of the same type of film are 
identical in their color-sensitive characteristics. Hence, 
exact filter factors are generally obtainable only from the 
tables on the data sheets which are enclosed with each box 
or package of film. However, the factors given in the ‘Filter 
Data”’ section of the Photo-Lab-Index are sufficiently accurate 
if the negative materials are exposed and processed in ac- 
cordance with the manufacturers’ recommendations. 

It should be noted that a blue filter will have a lower filter 
factor for daylight than for tungsten light, and a red filter 
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will have a lower factor for tungsten than for daylight. 
Hence, due to the color content of the two common light 
sources, THERE ARE TWO FACTORS GIVEN FOR EACH FILM AND 
FILTER COMBINATION. 

CORRECT EXPOSURE.—It is not necessary to remember the 
factors for the many film and filter combinations. But do 
remember that when a general reference is used, always select 
the chart for the correct brand of film and filter. For in- 
stance, if an Eastman film and a Wratten filter are to be 
used, do not make the mistake of referring to the filter factor 
chart for an Ansco film and Wratten filter. Each filter 
factor chart contains the following information: 

1. The types of films. 

2. The types of filters. 

3. The factors for both tungsten and daylight. 

Filter factors are designated numerically. A factor of 1 
indicates no change necessary in the original exposure. 
There are three generally used methods of calculating ex- 
posure when using a filter. The following examples describe 
the methods of applying filter factors. 

The filter factor for a K-2 filter when used with type B 
panchromatic film in daylight is 2. Determine the exposure 
as if no filter would be used, and multiply the shutter speed 
by the factor. For example, the correct exposure for a 
typical outdoor scene using this film is 1/100 of a second at 
{/16 without a filter. Multiply the shutter speed 1/100 by 
the filter factor 2. This will equal 2/100 or 1/50 of a second 
at {/16, which is the correct exposure in this case with the 
filter. 

The cameraman desires to emphasize the clouds in a gen- 
eral outdoor scene. The camera is loaded with type B 
panchromatic film, which has an index of 100. The recom- 
mended filter is K-2—the factor is 2. Divide the film speed 
or index by the factor 2, the quotient is 50. Set the film 
speed indicator on the exposure meter to read 50. Take 
the meter reading in the usual way and determine the ex- 
posure. This will yield the correct exposure for this film, 
filter and light source combination. 

The filter factor may also be applied to the exposure by 
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opening the diaphragm 1 f/stop each time the filter factor is 
doubled. Thus, a factor of 2 will require that the diaphragm 
be opened 1 f/stop larger than would be needed for correct 
exposure without a filter; a factor of 4 calls for 2 f/stops, a 
factor of 8 for 3 stops, etc. 

The filter factor is quite stable for all the compensating 
or correction filters when used with all panchromatic films. 
The factors for contrast filters will vary considerable with 
each type of emulsion. Usually the correct factor is sup- 
plied by the manufacturer on the data sheet enclosed with 
each package of film. All packages of film carrying that 
emulsion number will require the same filter factor for each 
filter quoted. If no factor is quoted for a particular filter, 
it may be determined by tests. 

The UV filters seldom require any additional exposure, 
especially when used with natural color films. The infrared 
filters always require additional exposure, and many of them 
have a rather large factor. Check the manufacturer’s data 
sheet with each box of film, to be certain of using the correct 
filter factor. 

In black-and-white photography, the film automatically 
translates a subject’s colors into black, white, and inter- 
mediate shades of gray. The color values, as translated by 
these films, are occasionally unsatisfactory because they do 
not succeed in capturing the essence of a subject which 
contains brilliant natural colors. The reason for this failure 
is usually due to the inability of unaided film to reproduce 
subject colors in graphically effective contrast. 

CoNTROLLING FacTtorsS.—Negative emulsions fall into four 
groups according to the way they interpret colors. These 
four are non-color-sensitized, orthochromatic, panchromatic, 
and infrared. Review ‘Film Characteristics” as described 
in chapter 5 to refresh your memory concerning the color 
sensitivity of these emulsions. 

The aim in the manufacture of color sensitive emulsions 
and the filters designed to be used with them is to produce 
photographs of colored objects in which the tones or intensi- 
ties of colors will be as they appear to the eye. Hence, it is 
necessary to understand how the eye is impressed by the colors 
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of the visible spectrum. Figure 12-7 contains a group of 
wedge spectrograms which show how the eyes and various 
types of films respond to the spectrum colors. A comparison 
of these spectrograms will show a great difference in the 
relative color sensitiveness of films as compared to the eye, 
which accounts for the failure of some films to record the 
visual value of certain colors. It is obvious that color repro- 
duction approaching visual luminosity requires a change in 
most emulsions to make their sensitivity curve nearer that 
of the eye. This calls for an emulsion less sensitive to the 
ultraviolet and blue rays and more sensitive toward the 
green and red end of the spectrum. The sensitivity of color 
sensitized emulsions differ somewhat with products of dif- 
ferent manufacturers. For a list of all film types refer to the 
“Film Data” section of the Photo—Lab—Index. 

A comparison of the curve of panchromatic film with the 
sensitivity curve of the eye will show that the color sen- 
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sitiveness of this film is the closest approach yet attained to 
recording color intensities as the eye sees them. Similar 
comparison of the curves of orthochromatic and panchro- 
matic emulsions with the sensitivity curve of the eye will also 
show that, even after color sensitizing, both emulsions re- 
main sensitive to the ultraviolet and violet rays to which the 
eyes are relatively insensitive. For general photography, the 
ideal emulsion would be one which has a color sensitive curve 
similar to the color sensitivity of the eye, thus eliminating 
the need of color filters over the lens to accomplish that 
result. 

The color sensitivity of films controls their response to 
colors; but the INHERENT CONTRAST of film affects the re- 
production of colors. The term contrast is used to describe 
the manner in which photographic emulsions register dif- 
ferences between tones of a subject. If the tonal dif- 
ferences are approximately the same as in the subject, the 
emulsion has normal contrast. If the differences are re- 
duced, the emulsion has low contrast. A high contrast 
emulsion exaggerates tonal differences. 

Normal contrast or LONG SCALE emulsions are desirable 
for nearly all ordinary scenes and subjects, because they 
render correct tone reproduction of these subjects. They are 
recommended for making photographs of sifbjects with 
extreme brightness ranges—from an intensely bright sky to 
deep black shadows. For photographic copies of line 
drawings, blueprints, and similar originals, high contrast or 
SHORT SCALE emulsions are used to separate the image into 
just a few tones as desired—usually clean white and deep 
black. Many variations of these contrasts can be obtained 
by proper selection of the film and correctly balancing 
exposure and development. 

Exposures are more critical when using short scale film 
than with long scale film. The density of long scale film in- 
creases proportionately with increased exposure, whereas 
the density of short scale film increases greatly with a small 
increase in exposure. The uses of the two types of film by 
contrast are relatively simple. Long scale film can record 
128 different tones and should be used to photograph scenes 
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which have a long brightness range—portraits, landscapes, 
etc. Short scale films have the ability to record only 5 
different tones. They are designed to produce black-and- 
white negatives, which are primarily intended for reproducing 
drawings, charts, and printed matter. Table 12-4 lists the 
more commonly used films and indicates their color sensitivity 
and contrast. 


Table 12-—4.—Contrast and color sensitivity. 


Film types Long scale Short scale 
Colorblind______.----- Commercial. _-_-__-_- -- Process 
Reprolith 
. Kodalith 
Orthochromatic- - - ---- Commercial Ortho__-| Process Ortho 
Verichrome.-_-_____-- Reprolith Ortho 
Plenachrome.-_------ Kodalith Ortho 
Panchromatic B_-_-_.--- Super XX Pan_--___- Process Pan 
PIS: Xue oacesen Kodalith Pan 
Super Pan Press____- 
Tsopan_____.--___-_- 
Panchromatic C_____-_- Tri-X Pan_________- 


All films are much more sensitive to daylight than tungsten 
light, because artificial light contains less violet and blue than 
daylight. Hence, negative emulsions are assigned one 
exposure index for tungsten and another rating for daylight. 
The differences between the response of an emulsion to day- 
light and tungsten light may be readily seen by observing 
the daylight and tungsten wedge spectrograms in figure 
12-7. The difference in sensitivity, however, is less for pan- 
chromatic films than for orthochromatic and colorblind 
emulsions. Film manufacturers test the efficiency of both 
types of illumination with each type of emulsion and these 
values are listed on all film data tables as the daylight and 
tungsten exposure index. 

Filters are used to help an emulsion record colors as tonal 
differences when the film is not able to do the work unaided. 
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Thus, the reproduction is made to approximate the color 
differences of a subject in tonal values as the eyes would see 
them. Filters may also aid an emulsion in rendering un- 
usual photographic effects by deliberate exaggeration which 
can be achieved through over correction. But the effective- 
ness of any filter is dependent upon the ability of an emulsion 
to respond to the light transmitted by the filter. 

There are a few facts that cameramen should remember 
about the use of filters. A filter will not necessarily guarantee 
a better picture, since many of the best photographs have 
been taken without filters. Therefore, the following rules 
have been designed as guides to help a photographer deter- 
mine when a filter may be of the most value to a photograph: 

1. Filters should be used only when they are absolutely 
necessary. 

2. When a filter is used, the film employed must be 
sensitive to the color of light transmitted by the filter. 

3. If correction is necessary, use the recommended .cor- 
rection filter for the light source and film combination 
employed. 

4. The color to which a film is most sensitive will print 
light. 

5. The color to which a film is least sensitive will print 
dark. 

6. To reproduce a color as a dark shade of gray, use a 
filter which absorbs that color. 

7. To reproduce a color as a light gray, use a filter which 
transmits that color. 

8. When it is necessary to emphasize a color, first deter- 
mine whether it should be lightened or darkened. 

9. A small area of color is more predominantly shown as a 
dark gray against a lighter background. 

10. The detail in a large colored area will reproduce more 
clearly as a light shade of gray. 

11. When in doubt about the correct film and filter com- 
bination, Type B PAN AND NO FILTER will probably yield 
good results. 

12. Never select a filter which will absorb all of the light 
reflected by a subject. 
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13. White and black will reproduce on the print as white 
and black respectively, regardless of the filter used. 

14. The effect of a filter can be destroyed by either under- 
exposure or overexposure. 

Most natual colors reflect varying amounts of all the 
primary colors. As a result, film will seldom succeed in 
reproducing a colored object as completely black or white. 
Red and yellow pigments for example, are very efficient 
reflectors. Yellow will photograph particularly light with 
films which are sensitive to either green or red. 

Copyinc.—The equipment. and procedures for copying are 
discussed in chapter 15. The primary interest in the subject 
here deals with the basic types of copies and the applicable 
sensitive materials. Copying is concerned with the photo- 
graphic reproduction of flat, two-dimensional subjects, such 
as photographs, drawings, maps, charts, and blueprints. 
The subject or object to be photographed is termed the 
ORIGINAL; the negative obtained by photographing the 
original is called the copy NEGATIVE; and the print made 
from the copy negative is termed the copy or copy print. 

Basically there are only two types of copy work: line 
originals, and the continuous tone originals. Line originals 
include letters, documents, plans, graphs, and charts. They 
consist of only two tones or colors which should be reproduced 
as black and white. Continuous tone originals are photo- 
graphs and paintings with many shades of gray or colors 
between the lightest and darkest areas. 

The desired results can be obtained with any type of copy 
by carefully selecting the negative material. You will recall 
how the text previously divided films into two types according 
to contrast—-short scale and long scale. (See table 12-4.) 
Each of these film types is especially suited for copying only 
one of the two types of originals. Hence, the short scale 
group should be used for line copying, and the long scale 
group is intended for continuous tone reproduction. Ob- 
viously a colorblind film cannot be used to copy an original 
which requires color sensitivity of a panchromatic material. 

NORMAL RENDITION.—Scene contrast deals entirely with 
the relative amount of light reflected from the various parts 
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of a view. Color contrast is the difference in the visual bright- 
ness of colors which appear in the view. This chapter has 
discussed the wavelength theory of color and how these 
wavelengths produce different effects on film. Now is the 
appropriate time to consider a view in which scene contrast 
is normal, but color contrast is rather high. 


Imagine a red automobile and a yellow automobile eanial 
among green shrubs with the vehicles and the shrubbery 
clearly shown against a bright blue sky. If this scene is 
photographed with a colorblind film, the sky will be the only 
portion of the view depicted as a light area. This film, being 
responsive only to blue light, will show a bright image of the 
sky. The dark green shrubs and the red and yellow auto- 
mobiles will appear almost equally dark, and it will be diffi- 
cult to distinguish the automobiles from the shrubs. In fact, 
the automobiles will be visible only because of their individual 
shapes. 


If the same scene is photographed with an orthochromatic 
film, a different view will be shown. The orthochromatic film 
has good response to blue light, average response to the green 
shrubs, some response to the yellow automobile, but no 
response will be visible of the red automobile. In the print 
the yellow automobile will be fairly bright, and the dark 
green shrubbery will be much lighter than in the colorblind 
photo, while the sky will be some darker than before. But 
the red automobile will print the same tone or shade as in the 
first picture, which is the darkest part of the scene or black. 


Now consider panchromatic film for the same picture. The 
sky will reproduce about the same as with the ortho film; 
the green shrubs will be a little darker but not as dark as with 
the colorblind film; while both the yellow and the red auto- 
mobiles will be a light shade against the darker shades of the 
green shrubs. This picture will be almost correct, the objects 
appearing in close approximation of their visual brightness. 

In the panchromatic film group, there is yet a further 
difference—depending upon the type selected. Type B and 
type C panchromatic will each produce noticeable differences 
in the appearance of the scene. While these films are sensi- 
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tive to all the visible colors, they have different sensitivenes: 
to certain colors. 

The best film to use for any assignment will be determined 
by referring to the spectrographs shown in the Photo-Lab- 
Index, and in pamphlets published by the manufacturers. 
As illustrated in figure 12-7, these spectrographs show the 
colors which affect the film and the relative percentage of 
sensitivity. 

In addition to the effect of the light on the film used, an 
added change may be introduced by the use of a filter. The 
filter can be used to produce changes or modifications in the 
effect of the light as desired. It is well to remember, however, 
that the filter can modify only the light to which the film is 
sensitive. Ifthe film does not respond to the light transmitted 
by the filter, the filter’is useless with that film. 

A compensating of correction filter should be used with 
panchromatio films for all scenes where color is not to be 
eliminated. These filters will pass all colors, but enough 
difference can be recorded to separate them. 

EMPHASIZING coLoRs.—Another type of photography, 
where a color in the subject is to be completely removed from 
the picture, or is to be shown equally bright with another, 
requires the use of a contrast filter. The most frequent use 
of these filters is in the reproduction of charts and docu- 
ments where inks of different shades are required to be shown 
as clearly as possible in a photograph or perhaps removed 
entirely. 

The beauty of a landscape, or of mountain scenery, can be 
depicted more satisfactorily by using one of the contrast 
filters with a panchromatic film. The blue sky will usually 
reproduce as a light gray when panchromatic film is used 
without a filter. However, a contrast filter can be used to 
show it as dark gray, while another can be used to make it 
appear almost black. With the proper contrast filter and 
panchromatic film, flowers can be made to appear brighter 
than usual; all blue haze in the distant scenes can be elimi- 
nated, and green grass can be shown brighter or darker than 
surrounding flowers. 

The cameraman must consider the light that will be used 
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for making a photograph. Direct sunlight is the most 
frequently available light for outdoor scenes. Artificial 
illumination for one purpose or another will produce an 
effect which is different. This difference must be accounted 
for when selecting the film and filter combination. 

While the effect of color in the light source is not as critical 
for black-and-white photography as in natural color pho- 
tography, it does produce a noticeable change in the results, 
particularly when certain filters of the correction group are 
used. 

A practical method that will assist in selecting the proper 
filter is to view the scene through the filter. The resulting 
view will show relative differences in brightness of the colors 
and whether a sufficient change will be produced. This pre- 
liminary viewing is only approximate, but it is recommended. 
Remember the appearance of the scene, both with and with- 
out the filter, and compare it with the finished picture. By 
following this procedure with every scene photographed, most 
photographers are soon able to select the proper filter and 
film combination with considerable speed and accuracy. 

When using a contrast filter, an accurate impression can 
‘be obtained with the above method. The scene will be 
visible in shades of the color passed by the filter, and the 
relative brightness of the various parts will be seen rather 
clearly. The resulting picture will have corresponding 
shadings of black and white. If any colors must be removed 
from the view, or shown lighter or darker than normal, the 
proper filter for this purpose may be selected by visual in- 
spection of the view through the filter. 

When it is desired to eliminate a color completely, the 
choice of the filter will depend upon whether the color is to 
photograph black or white. The elimination of a color on 
a white background can be accomplished by using a filter of 
the same color. If the color is on a black background, it 
will be necessary to use a filter which absorbs the color. 
Hence, in the former case it is necessary to photograph the 
color as white, and in the latter as black. By this method, 
blueprints, line drawings, maps, etc. may be photographed 
as desired. For instance, to copy a blueprint, a red filter 
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(an F or A) should be used with a process panchormatic 
film. This permits the white lines to reproduce properly in 
the negative while at the same time the filter excludes the 
blue. Thus, the print will show the white lines of the blue- 
print as pure white and the dark blue background as black. 
If the blueprint was copied with pan film and no filter, the 
contrast between the blue background and the white lines 
would not be sufficient, and the print would be unsatisfactory. 

By the correct application of film and contrast filter com- 
binations, any color in a subject may be emphasized, sub- 
dued, or eliminated at will. For example, a transparent 
colored stain on a photograph may be eliminated by using a 
filter which has the same color as the stain. The filter of 
the proper color may be selected by viewing the stain 
through the available filters. The filter chosen would visu- 
ally eliminate the stain. 


POLARIZING FILTERS 


The principal service of polarizing filters is in subduing 
undesirable reflections (glare) from nonmetallic surfaces such 
as water and glass. They may also be used to prevent the 
sky from reproducing too light. A polarizing filter, also 
called POLA-SCREENS, looks like a neutral density filter, but 
its action is concerned only with the direction of light wave 
motion. The glare of oblique reflections is produced by 
plane polarized light, which can be subdued by rotating the 
pola-screen over the camera lens. The discussion of ‘‘Polar- 
ized Light”? in chapter 2 should be reviewed before going 
on with the study of these filters. 


Types and Construction 


Any synthetic material that will polarize light may be 
called a POLARIZER or polarizing device. A polarizing screen 
is a polarizer in sheet form. The term PoLARoID is a trade 
name which refers to polarizing materials and processes 
developed by the Polaroid Corporation. Polaroid is used in 
making pola-screens. The polarizing filter is composed of 
polaroid sheets cemented between glass which is suitably 
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mounted. Polaroid is used for many devices; whereas, pola- 
screens are used only for photographic purposes. 

There are a number of different polarizing filters produced 
by manufacturers. Basically, however, there are only two 
main types: one type is used over the camera lens; the 
other type is designed to be used over studio lights. For 
example, Eastman pola-screens are available with rotating 
holders and lens shades which provide a convenient means of 
attaching the filter to the front of a camera lens; whereas, the 
Eastman lamp pola-screens are 12 x 12 inch sheets mounted 
in holders for use in front of tungsten light sources. 

Type 1B EasTMAN POLA-SCREENS Can be used for both 
black-and-white and color photography and may be attached 
to any camera lens that has an outside diameter of 2% to 4% 
inches. KopDAK POLA-SCREENS in W-mounts are available 
in four sizes which fit lenses from % of an inch to 2% inches in 
diameter. Polarizers used over ieee have a small post 
termed the INDICATOR HANDLE, projecting from the rim of the 
metal cell for alining the axis of the polarizing grid. (See 
fig. 12-8.) KE asTMAN LAMP POLA-SCREENS have adjustable 
holders with light baffles which extend so all the illumination 
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Figure 12-8.—A polarizing filter. 
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falling on the subject from a lamp must pass through the 
screen. 

The manufacture of polarizers involves a process which 
sets rodlike mineral crystals in a plastic base in such a way 
that all of them are parallel to each other. Many mineral 
crystals produce double refractions. Crystals of this type 
have two different indexes of refraction for each light wave- 
length, and they will separate each ray of light that is passed 
through them into two individual rays. Each of the rays 
passed will be polarized with their vibration planes at right 
angles to each other. 

Some mineral crystals have a property termed DICHROISM. 
A dichroic crystal will split each light ray into two polarized 
rays and absorb one of them. For instance, tourmaline is a 
good example of a dichroic crystal. If a dichroic crystal is 
cut to the correct thickness, any light ray that passes through 
it will be almost completely polarized. 

Microscopical, rodlike dichroic crystals (iodoquinine sul- 
fate) are stirred into a molten, syrupy plastic or acetate. 
The plastic is then poured into a thin film or sheet which 
hardens as it cools. As the plastic sheet hardens, it is 
stretched. The strain inside the sheet pulls the rodlike 
crystals in the direction of the stretch. The millions of tiny 
rodlike crystals are suspended, lined up, and locked in place 
in the finisbed hardened film. Since the crystals are all lined 
up in the same direction, they polarize all light passing 
through the screen. 

The polarizing filter may be thought of as a screen with an 
optical Grip or SLoTs, which will stop all light that is not 
vibrating in a plane parallel to the axis of the grid. (See 
fig. 12-8.) This film or sheet of plastic may be used by 
itself, as with Eastman Lamp pola-screens, or it may be 
cemented between thin sheets of glass and mounted in metal 
cells. The mounted filters are attached to a lens by means 
of a filter holder and lens shade. 


Polarized Light 


Polarization is primarily concerned with the direction in 
which light waves vibrate. Unpolarized light waves travel 
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in a straight line and vibrate in all directions at right angles 
to the direction of travel. When these waves are changed 
by a polarizing device, either natural or manmade, they 
vibrate in only one direction. For instance, when light is 
reflected obliquely from the surface of water, the only 
direction of wave vibration is horizontal, or parallel to the 
surface of the water. Light reflected in this way is said to 
be plane polarized, since the vibration is confined to one 
plane. Polarization of a ray of light is illustrated in figure 
12-9. 

- Polarized light occurs when light is obliquely reflected 
from most surfaces at angles of 32 to 47 degrees; and from the 
sky at all right angles to the sun’s path. (See fig. 2-11, ch. 2, 
and fig. 12-10.) 

A polarizing device at the camera gives the photographer 
control over the brightness or glare of polarized light. 
That is, the intensity of polarized light from the sky or 
objects in the subject can be reduced much more than the 
unpolarized light from the scene. Thus, the pola-screen 
acts selectively on the scene and the excessively brilliant 
portions of the subject can be controlled without affecting 
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Figure 12-9.—Polarized light. 
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Figure 12-10.—Polarized sky light. 


the diffusively reflected light from other parts of the subject. 
Since this control does not affect the color of light, the polar- 
izer can be used effectively for natural color photographs. 


Application of Polarizing Filters 


The action of polarizers is to transmit only the wave 
vibrations which are parallel to the crystal structure of the 
screen. Therefore, vibrations which are not exactly parallel 
to the screen grid will pass through only in part, while those 
vibrations at right angles to the crystal structure are entirely 
rejected by the screen. 

Control over light already polarized is achieved by ro- 
tating the pola-screen so its grid or crystal structure is at an 
angle to the vibrations of polarized light. The greater the 
angle of the screen grid to these vibrations, the greater the 
amount of light absorbed by the pola-screen. When the 
pola-screen grid is at right angles to or crossed with the wave 
vibrations, practically all polarized light coming to the 
screen is stopped. (See fig. 12-11.) When the crystal 
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Figure 12-11.—Controlling polarized light. 


structure or grid coincides or is parallel with the vibrations, 
the screen passes all of the reflected polarized light. 

Pola-screens can be used to increase image contrast, control 
sky brightness, reduce glare, and control the intensity of the 
light passing through an optical system. 

CoNnTRAST CONTROL.—A pola-screen may be used to con- 
trol the relative brightnesses of some scenes without changing 
the lighting. Such subjects include the roofs and walls of 
buildings, landscapes, and views which include both water 
and sky. For instance, suppose the subject is a ship against 
the sea and sky. The light from the sea and sky is partly 
polarized; the light from the ship is not. If the sun is to the 
cameraman’s right or left, and the pola-screen grid is rotated 
to the vertical position on the camera axis, the brightness from 
the sea and sky will be reduced much more than the light 
reflected from the ship. Hence, the contrast of the scene 
will be increased by reducing the glare from the water and 
subduing the brightness of the sky. 

DARKENING THE SKY WITH THE POLA-SCREEN. When the 
sun’s rays enter the earth’s atmosphere, they are scattered 
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by dust particles, water vapor, and by the air. The portions 
of this scattered light that proceeds at right angles to the 
sun’s rays are strongly polarized. (See figs. 12-9 and 12-12.) 
Because of this right-angle relationship, strongly polarized 
light falls upon the camera position from all angles at 
90 degrees to the sun. This band of sky is very wide and 
will be included in the background of many photographs. 

Since the vibration plane of polarized light resulting from 
this band of sky is at right angles to the sun’s rays, the sky 
can be darkened by turning the pola-screen so the axis of 
its grid points toward the sun. (See fig. 12-12.) The axis 
of the screen grid is shown by the indicator handle. There- 
fore, all that is necessary is to turn the filter until the handle 
points at the sun. A projection at the end of the indicator 
handle will cast a shadow. When this shadow falls along 
the center of the handle, the pola-screen is accurately alined 
on the sun. ; 
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Figure 12-1 2.—Controlling sky brightness. 


The pola-screen is most effective in darkening the sky for 
sidelighted subjects, and has little or no effect on the sky 
either near the sun or directly away from it. However, 
there are advantages gained by using a pola-screen to darken 
the sky: (1) the colors of objects in the scene are not altered; 
(2) correction or contrast filters may be used in combination 
with the polarizer to alter colors in the foreground; and 
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(3) the effect of the polarizer can be determined visually 
before the scene is photographed. 

GLARE REDUCTION.—The glare effect is particularly 
strong from such polished surfaces as wood, paints, lac- 
quers, linoleum, plastics of all kinds, glossy paper, etc. In 
order to reduce the intensity of these reflections, the polarizer 
grid must be crossed with the vibration plane of the light. 
This means that the indicator handle of the screen must 
point either up or down for horizontal surfaces. If the 
reflections are from vertical surfaces, such as a wall, they 
can be subdued with the indicator handle set in the hori- 
zontal plane. — 

These effects can be observed by holding a pola-screen to 
the eye and turning it. They may also be seen in the image 
on the ground glass of the camera while turning the pola- 
screen at the lens. The most effective camera angle and 
screen setting for subduing any reflection can be easily deter- 
mined by viewing the surface to be photographed through 
the pola-screen. 

In the pola-screen applications described above, tthe only 
screen needed is at the lens. But the one screen at the lens 
has no effect on reflections from a surface at right angles to 
the camera axis. Control of these reflections is possible, 
however, when the surface concerned is illuminated by light 
which is already polarized. The polarizing is done by 
placing a lamp pola-screen in front of the studio lights. 
These applications are restricted to studio use where the only 
light reaching the subject comes from the screened light 
sources. 

When a ray of light falls on a glossy surface, the reflected 
light is composed of two parts known as the specular and 
diffused components. (See ch. 2.) The specular compo- 
nent forms gloss and makes visible, more or less distinctly, 
an image of the source of light. The diffused component 
of the light is reflected in all directions and gives no sugges- 
tion of gloss. All common subjects, except metallic articles 
which reflect almost completely diffused hght, reflect these 
two components of light. 

If the beam of light which is ifluminating the subject is 
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polarized, the reflected rays which form the specular com- 
ponent remain polarized, but the rays reflected diffusely are 
not. If the subject is viewed through another pola-screen, 
it can be turned so that practically all of the specular reflec- 
tion is stopped and the subject is then visible by diffusely 
reflected light. 

The use of lamp pola-screens in front of the studio lights 
illuminates the subject with polarized light. The lens pola- 
screen permits photographing by the diffusely reflected light. 
This is often desirable because the specularly reflected light 
obscures detail. If the pola-screen at the lens is rotated 
away from the “‘crossed position,’’ some of the specular light 
will be transmitted. Hence, the intensity of reflections per- 
- mitted is under control. When the camera’s pola-screen 
grid is parallel to that of the lamp screen, the specular light 
is actually transmitted even more freely than the diffused 
rays, and the subject will appear to have even brighter 
reflections and more gloss than it originally had. 

The principal application of crossed pola-screens is for 
photographing objects which are difficult because of un- 
avoidable reflections due to curved or unsuitable surfaces. 
For example, when using polarizers over both the lights and 
the lens, it is not necessary in copying to remove a picture 
from the frame because reflections of the light from the glass 
are minimized. 

LIGHT INTENSITY CONTROL.—A substitute for the pre- 
viously mentioned neutral density filters is two pola-screens 
mounted together in front of the lens. This arrangement 
forms a variable neutral density filter with a transmission 
range for incident light from 35 percent to less than one 
percent. The variable transmission range is controlled by 
the position of the indicator handles. When the handles 
are parallel, maximum transmission is obtained for the two 
screens. If the handles are set at right angles, the screens 
transmit onlv about 1 percent of the incident light. The 
first screen transmits polarized lhght which the second 
screen also passes when the handles are parallel. As the 
handles are separated, the light transmitted by the first 
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screen is gradually rejected by the second screen until the 
handles reach the 90-degree position. 

ExposurE.—As with other optical filters, the use of a 
pola-screen over the lens necessitates an increase in exposure 
because a portion of the incident light is prevented from 
reaching the film. The transmission characteristics of 
polarizing filters are tested when they are made and assigned 
an exposure factor. This factor is given on the manu- 
facturer’s data sheet which accompanies each filter. The 
exposure factors for polarizers are employed exactly the 
same as the factors for other filters, which were discussed in 
® previous section of this chapter. 

The filter factor for the Kodak pola-screen when used with 
panchromatic film, for example, is 2. The factor remains 
constant for this screen at any rotated position. A correc- 
tion or contrast filter may be used in conjunction with a 
polarizing filter; but the factors for both must be accounted 
for in the exposure. App, do not multiply, THE TWo FACTORS, 
because the sum of the two factors equals the new factor. 
When two polarizers are used together in front of the lens 
as a variable neutral density filter, the factor is also variable 
and may require an increase in the exposure from 3 to 625 
times, depending upon the degree of rotation between the 
two indicator handles. 


CARE OF FILTERS 


The simplest form of filter is the sheet of dyed gelatin, 
which requires considerable care in handling. Scratches, 
discolored spots, and fingermarks render them useless. 
They are supplied in 5 x 5 inch sheets that are wrapped in 
tissue paper and supported by lightweight cardboard. 
These filters may be used between the lens cells, behind the 
lens, or in suitable holders, which usually means that 
individual filters must be cut to the desired size. When 
cutting the filter sheet to fit a lens or holder, remove the 
cardboard. Do the cutting with the tissue coverings in 
place. These papers should be removed only after the 
filter is placed approximately as desired. Only the edges 
of the filter should be touched with the fingers. 
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Colored glass filters and filters cemented between glass 
should be treated as carefully as thelens. If dirty or injured, 
they will detract from the quality of the final picture. 
Filters of this type should be cleaned by polishing them with 
lens cleaning tissue. Any lint or dust on them, however, 
should first be removed with a camel’s-hair brush. A lens 
tissue slightly moistened in lens cleaner or pure alcohol may 
be used if necessary, but care must be taken to keep the 
liquid away from any exposed edges of cemented filters. 

When not in use, filters should be stored in their cases. 
All filters must be protected from moisture, excessive heat, 
and unnecessary exposure to strong light. 


QUIZ 


1. An exposure is to be made at 1/100 of a second at f/16 and a 
compensating filter is to be used. It will be necessary to 
a. use 1/100 of a second at f/8 
b. divide the original exposure by the filter factor 
c. divide the exposure index by one-half 
d. multiply the original exposure by the filter factor 


2. A filter which absorbs red and green light appears to be 


a. green 
b. red 
c. blue 
d. yellow 


3. Which of the following filters is the correction type? 


a. B filter 

b. K-2 filter 
ce. A-25 filter 
d. C-5 filter 


4. The apparent color of the F filter is 


a. red 
b. yellow 
c. green 
d. blue 
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10. 


11. 


. To photograph a yellow and blue subject so that the yellow appears 


white and the blue as dark on the finished print, which of the fol- 
lowing film and filter combinations would accomplish this? 

a. Panchromatic film and G filter 

b. Commercial film and an F filter 

c. Panchromatic film and C-—4 filter 

d. Colorblind film and C-5 filter 


. A photograph with transparent stain is to be copied. In order to 


eliminate the stain use a 
a. neutral density filter 
b. polaroid filter 
c. filter whose color is the same as the stain 
d. filter whose color is complementary to the stain 


Satisfactory penetration of haze can be accomplished with infrared 
film and a 

a. minus blue filter #12 

b. G filter 

c. 89A filter 

d. Kodachrome haze filter 


A ________ filter would be used to reproduce blue as black and 
green as white. 

a. red 

b. green 

c. blue 

d. dark blue 


. Light reflected from a clear blue sky at ___-________ degrees to the 


direction of the sun is strongly polarized. 
a. 35 
b. 45 
c. 60 
d. 90 


To show best detail within dark green leaves, what would be the 
proper film and filter combination? 

a. B filter with pan film 

b. F filter with pan film 

ce. C—5 filter with ortho film 

d. A filter with ortho film 


A polaroid filter can be used with which of the following types of 
film? 

a. Only panchromatic (sensitive to all colors) and color film 

b. All black-and-white but not color film 

ce. Only ortho, pan, and color film 

d. All black-and-white and color film 
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BE USED MORE THAN ONCE. 


A B 


12. The best filter listed which can be used with a. Polaroid filter 
infrared film b. F filter 

13. The only filter which can be used with color c. X-—2 filter 
film to darken the sky without distorting the d. G filter 
other colors in the subject e. K-2 filter 


14. Recommended to copy a chart containing all 
colors and to record those colors in their true 
tones of black and white when using pan C 
film with tungsten lighting 

15. Subdue reflections from nonmetallic surfaces 

16. Recommended when copying a blueprint 


17. Will transmit only the green and the red and 
will absorb all of the blue 


18. Recommended to darken the sky and obtain 
orthochromatic rendition on pan B film 


19. Will eliminate red transparent stains 


20. Light reflected from a metallic surface is not plane polarized. To 
eliminate reflections from this type of surface, how are polarizing 
filters used? 

a. One filter over the lens 

b. Two filters over the lens with their polarizing planes not 
parallel to one another 

c. A filter is placed over the light source 

d. One filter over the light source and one over the lens 
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CHAPTER 





THE VIEW CAMERA 
TYPES OF VIEW CAMERAS 


The most basic of all cameras used in the Navy is the vi—Ew 
CAMERA. Any camera, such as the Speed Graphic, where the 
image can be composed and focused on a ground glass can be 
used as a view camera. But because of the limited amount 
of adjustments on most cameras for correcting distortion in a 
photograph, the Navy has available cameras specially made 
for this type of photography. View cameras may be used to 
photograph landscapes, buildings, small parts, damaged 
material, large formal and informal groups of personnel, and 
also are quite satisfactory for portraiture. 


Sizes 


There are two sizes of view cameras in use in the Navy. 
They are the 8 x 10 view camera and the 4 x 5 view camera. 
The nomenclature of the camera is derived from the size of 
the film the camera will accommodate. 

There are two models of the 8 x 10 view camera, one is 
manufactured by Ansco Corp, the other by Eastman Kodak 
Co. They differ very little in appearance and operation. 
The 8 x 10 view camera is used mostly at shore installations 
because of its size. Most ships do not have facilities to 
enlarge an 8 x 10 negative. However, the view camera will 
be found in use on the larger aircraft carriers as they have 
enlargers that will accommodate the 8 x 10 negative. 

The popular model of 4 x 5 view camera found in the Navy 
is the 4 x 5 Graphic View, which is manufactured by the 
Graflex Corp. The 4 x 5 view camera has all the features of 
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the 8 x 10 view camera plus the fact it is more portable 
because of its size. It will be found in use on all ships having 
photo labs and all shore installations. 


Advantages 


The 8 x 10 and the 4 x 5 view cameras have about the 
same adjustments. The main advantage of the 8 x 10 is 
the size of the negative, which permits contact printing under 
most circumstances. This is a speedier and more economical 
method, and also produces a better print because of the 
absence of grain which is quite often found in enlargements. 

The main advantage of the 4 x 5 view camera is its porta- 
bility. Because of its size and weight, it can easily be 
carried into the field and set up by one person. On board 
ship in cramped spaces it is more adaptable than the 8 x 10. 
In identification photography, where a 4 x 5 or smaller print 
is required, it is ideally suited. 


Disadvantages 


As the main advantage of the 4 x 5 view camera is its size 
and portability, this is the main disadvantage of the 8 x 10 
view camera. Its size makes it hard to operate in small 
spaces. In photographing damaged material in small and 
hard-to-get-to spaces, it is quite difficult to set the 8 x 10 
view camera up and operate it properly. 

The main disadvantage of the 4 x 5 view camera is the 
negative size produced. As most print requirements are for 
8 x 10 prints, using the 4 x 5 view camera will require en- 
largements, which are more time consuming and more expen- 
sive than contact prints. Enlargements tend to be grainier 
than contact prints, which will be very noticeable in group 
pictures and photographs of small parts. Whenever it is 
feasible to do so, it is recommended that the 8 x 10 view 
camera be used. 


THE 4 X 5 VIEW CAMERA 


This chapter will describe the construction, operation, 
and preventive maintenance of the 4 x 5 Graphic View II, 
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which is the standard 4 x 5 view camera used throughout the 
Navy. 


Description 


The 4 x 5 Graphic View (fig. 13-1) consists of a light-tight 
box, with adjustable bellows. It is equipped with a reversi- 
ble back, which will accommodate a ground glass focusing 
panel, and the film holders. It has a removable lens board, 
an 8-inch (203mm) normal angle lens and a 3-inch (90mm) 
wide angle lens, both in a flash synchronized shutter. The 
camera body is mounted on a V-shaped camera bed and may 
be locked in any position on the bed by two locks, one on the 
front standard, which holds the lens board, and one on the 





-— sia 
Figure 13-1.—The 4 x 5 Graphic View Il. 
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back frame, which holds the film. The camera bed is 
mounted on a pan-and-tilt tripod head which can be tilted 
100 degrees forward, 25 degrees backward, and rotated 360 
degrees. The front standard is provided with a rising and 
sliding front which may be tilted 26 degrees backward or 
forward from center. The lens may be dropped % inch 
below or raised 3 inches above the optical axis. To obtain 
a greater rise or fall, the camera bed can be tilted from the 
horizontal position. A 12-degree lateral shift may be 
obtained from the slide mechanism on the front standard, 
and the front standard can be swung 12 degrees from center. 

The bellows is made of a plastic coated fabric. It is 
attached to the front standard and the back frame with 
screws. It has a maximum extension of 16 inches and a 
minimum extension of 34% inches. The wide anglelensis pro- 
vided with a recessed lens board which reduces the minimum 
bellows extension to 2!%, inches. 

. The back frame supports the camera back which accommo- 
dates the focusing panel or the cut film holders. The back 
frame can be tilted forward or backward 26 degrees from 
center. It also has the same amount of vertical and lateral 
swing as the front standard. At the topcenter of the back 
is a spirit level for leveling the camera in relation to the 
ground. 

The 4 x 5 Graphic View IT has a Graflex-type back which 
takes Graflex cut film holders, magazines, and Grafmatic 
holders. They are ‘held in place on the back by a metal 
bracket at the bottom of the back and a sliding metal bracket 
at the top. The Graflex back can be removed from the 
camera and rotated 90 degrees to photograph in a vertical 
plane instead of horizontal. To remove the Graflex back, 
lift the top back springs (fig. 13-1), swing the top edge 
backward, and lift the back from the two bottom back 
springs. Rotate the back and insert the bottom into the 
bottom back springs, push the top into place, making sure 
the top back springs snap into place. 

The 4 x 5 Graphic View II is equipped with an accordion- 
type lens shade. It can be extended or compressed to give 
the necessary lens protection required by various lighting 
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situations. It is also hinged at the top so it can be swung 
out of the way to make lens and shutter settings. 

The camera carrying case is approximately 20 inches long, 
9 inches wide, and 13% inches deep. It is made of Vulcanoid 
(fabric) and has metal reinforcements at all corners. It has 
two clamp locks, one key lock, and a carrying handle. The 
interior is compartmented to provide protection for the 
camera and all the accessories. 


Setting Up the Camera 


In setting up the camera, any sturdy tripod can be used. 
The tripod supplied with the Cine-Kodak Special 16mm 
movie camera is satisfactory, as is the Professional Junior 
tripod. In an emergency a Crown No. 1 tripod may be used. 
It is not recommended, however, as it is not sturdy enough 
to take the weight of the camera without camera movement. 
Always use a spreader or tripod brace when using a tripod 

on a hard surface, as the feet of the tripod might slip. 

' After setting up the tripod, making sure that it is level, 
screw the tripod pan-tilt head to it. (See fig. 13-1.) Then 
open the clamp hinge on the top of the pan-tilt head, lay 
the camera bed on the pan-tilt head, and close the clamp 
hinge, locking with the knob provided. Make sure that the 
spirit level on the back frame is centered. By tilting the 
head forward or backward, the level can be centered fore and 
aft. By raising or lowering a side tripod leg, the level can 
be centered sideways. 


Operation 


In describing the operation of the 4 x 5 Graphic View II, 
features for correcting distortion will be described first. 

VERTICAL SWING BACK.—The vertical swing back is used 
to correct distortion, or perspective in the vertical plane. 
If no correction is used when photographing a tall building, 
the building will tend to fall away at the top of the photo- 
graph. Tilting the camera bed upward and the swing back 
forward will bring all vertical lines into the same plane. 
(See fig. 13-3.) To adjust the swing back, loosen the support 

arm locking knob ((1) of fig. 13-2) and tilt the back forward 
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Figure 13-2.—The 4 x 5 view camera, back controls. 


until all the vertical lines are in the same plane on the ground 
glass. 

LATERAL SWING BACK.—The lateral swing back is used to 
correct distortion, or perspective, in the horizontal plane. 
In photographing long buildings from an angle, the far 
corner will tend to fall away from the photograph and the 
length of the building will be exaggerated. Figure 13-4 
illustrates correcting for horizontal distortion. To adjust 
the camera, loosen the carriage lock knob ((2) of fig. 13-2) 
and swing the back until all horizontal lines are in the same 
plane on the ground glass. 
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Figure 13-3.—Correcting for vertical distortion. 





Figure 13-—4.—Correcting for horizontal distortion. 


VERTICAL SWING FRONT.—The vertical swing front (fig. 
13-5) is used to focus and increase the depth of field when the 
vertical swing back is set off center. When the vertical 
swing back is tilted away from center, the film plane will 
not be parallel to the image produced by the lens. To use 
the vertical swing front, loosen the support arm knob ((1) of 
fig. 13-5) and tilt the lens board forward or backward to 
bring the subject into focus on the ground glass; then re- 
tighten the knob. This will not affect the shape of the image, 
but will change its position on the ground glass. By alter- 
nately moving the back and front swings, the desired effect 
can be obtained. 

LATERAL SWING FRONT.—The lateral swing front is used 
to focus and increase the depth of field when the lateral 
swing back is set off center, as was the case with the vertical 
swing back. When the lateral swing back is placed off 
center, the film will not be in the same plane as the image 
produced by the lens. To use the lateral swing front, loosen 
the carriage lock knob ((3) of fig. 13-5) and swing the front 
until the subject is in overall focus on the ground glass. 
As stated in the section on the vertical swing front, it will 
be necessary to alternately move the front and back lateral 
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Figure 13-5.—The 4 x 5 view camera, front controls. 


swings to create the desired effect. After all adjustments 
are made, tighten the carriage lock knobs. 

SLIDING FRONT AND RBACK.—-The sliding front 1s used to 
center an object on the ground glass when the object is not 
directly in front of the lens. After setting the camera up 
on a tripod (when photographing a small part or making a 
copy of a photograph) it is found that the subject is not 
centered. It is possible to center the subject by using the 
sliding front instead of moving the tripod. (See fig. 13-6.) 
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Figure 13-6.—Using sliding front to center subject. 


To use the sliding front to center the object on the ground 
glass, loosen the carriage lock knob ((3) of fig. 13-5) and 
shift the front standard to the left or night. 

If enough correction cannot be obtained with the front 
standard alone, it is possible to increase the correction by 
shifting the back frame in the opposite direction and swing- 
ing the camera bed, as shown in figure 13-7. 

To obtain maximum correction, loosen the carriage lock 
knobs ((3) of fig. 13-5) of the front standard and the carriage 
lock knobs ((2) of fig. 13-2) of the back frame and shift the 
front and back in the opposite directions until the subject 
is centered on the ground glass. If this still does not give 
enough correction, by loosening the pan head and swinging 
the camera body in the same direction as the front standard 
and employing the lateral swing of the front and back, maxi- 
mum correction will be obtained. (See fig. 13-7.) 

RISING AND FALLING FRONT.—AsS the sliding front was 
used to center the subject horizontally on the ground glass; 
the rising and falling front is used to center the subject 
vertically on the ground glass, as shown in figure 13-8. To 
operate, pull the pinion shaft knob ((2) of fig. 13-5) to the 





Figure 13—7.—Obtaining maximum correction by combining shift and swing. 
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Figure 13-8.—Centering subject by using rising front. 


left, which will disengage the locking mechanism. By 
rotating the pinion shaft, the front standard will be moved 
up ar,down, and will center the subject on the ground glass. 
When enough correction has been obtained, push the pinion 
shaft knob to the right, which will lock the front standard 
in place. 





Figure 13-9.—Combined rise and tilt adjustment. 


If enough correction cannot be obtained by this method, 
~ additional correction can be obtained by loosening the tilt 
head on the tripod and swinging the camera bed up or down, 
while using the tilting front and back to keep the subject 
in the same plane. (See fig. 13-9.) 


Exposure Control 


In using the 4 x 5 Graphic View II for copy work, where 
the bellows extension is greater than the focal length of the 
lens, the exposure must be increased more than normal, 
as the f/stops are figured on the focal length of the lens when 
the camera is focused at infinity. With an extended bellows, 
the relative aperture at a given f/stop is decreased. 

EFFECTIVE APERTURE CORRECTION.—When the bellows is 
extended farther than normal, the f/stops on the lens are 
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not true. To calculate effective f/stops for extended bellows, 
use the following formula: 


Bocas _lens to film X aperture 

Effective N SOR = foeal length. 
Fizample: An 8-inch focal length lens is being used on a cam- 
era with an 11-inch bellows extension at f/16. What effective 
f/stop exposure should be used? 


11X16 _ 176 _ gig 


Effective f/stop= 3 3 





EXPOSURE TIME CORRECTION.—The following formula 
may be used when it is necessary to work at a constant 
aperture and to calculate the varied exposure time due to 
extended bellows: 


lens to film? 


Corrected time=normal exposures focal lenathi 


Example: An 8-inch focal length lens is being used on a 
camera with an 11-inch bellows extension. At the required 
aperture the exposure required is 1/50 second. What is the 
corrected exposure time? 


’ 2 
Corrected fie ow 1121 121 


50 Bt 50% Gs 32007 -/76 second 


Focusing 


Focusing the 4 x 5 Graphic View II is accomplished by 
moving the front standard or back frame along the camera 
bed. This is accomplished by loosening the focusing shaft 
lock knob ((3) of fig. 13-2) of either the front or back car- 
riage and turning the focusing shaft knob ((4) of fig. 13-2) 
while checking the focus on the ground glass. After obtain- 
ing correct focus, tighten the lock knob. 

If. the back frame is moved to obtain proper focus, the 
image size will be changed due to the fact that the film plane 
is being moved closer to or farther from the subject. Ifthe 
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correct size has been already obtained on the ground glass, 
focus with the front standard focusing shaft knob. 

The depth of field and the angle of view obtained with the 
standard normal angle lens supplied with the 4 x 5 Graphic 
View II are listed in table 13-1. 

The depth of field and the angle of view obtained with the 
standard wide angle lens supplied with the 4 x 5 Graphic 
View IT are listed in table 13-2. 

The swing back can be employed to obtain greater depth of 
field where two principal subjects are on a different plane. 
(See fig. 13-10.) 





Figure 13-10.—Increasing depth of field with the swing back. 


By swinging the back of the camera, line CD, to position 
ED, the tack of parallel between the back and subject plane is 
increased, and this increases the apparent depth of field. 
When the back of the camera is swung at an angle to the 
plane that passes through two points of focus which are at 
different distances from the camera (this is AB), you will 
increase the effective depth of field. Caution: On some 
pictures this is apt to increase the convergence of parallel 
lines and produce badly distorted images. 


Lenses 


NORMAL ANGLE LENS.—The 4 x 5 Graphic View II is 
equipped with an 8-inch (203mm) f/7.7 Ektar normal angle 
lens. It is mounted in a flash Supermatic shutter as shown 
in figure 13-11. 

The diaphragm, which has stops from f/7.7 to £/45, is set 


604 









weisy,; 


yy 
ws NI 


400 
sa 
sore 5 


Zins 






> 


Figure 13—11.—Normal lens and shutter. 


by moving the pointer (9) to the desired f/stop. The shutter 
speeds are B, T, 1, 2, 5, 10, 25, 50, 100, 200, and 400 second. 
The shutter speed is set by turning the outer rim of the 
shutter until the pointer (2) is opposite the speed desired. 
There are two pointers on the speed setting ring, one is for 
the low speeds and one is for the high speeds. To cock the 
shutter, pull the setting lever (3) to the right until it catches. 
To release the shutter, press down on the shutter release (1). 
The shutter can be released by a cable release which is 
screwed into the cable release socket (10). To focus on the 
ground glass, the shutter has a press focus button (4). To 
use the press focus button, cock the shutter at any speed 
setting, push down on the press focus button, and, while 
holding down on the button, release the shutter. This 
will hold the shutter blades in the OPEN position. To 
close the shutter recock it. 

The shutter is flash svnchronized for X, F and M time 
delay. For X delay, which is used with Electronic Flash, 
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connect the cord from the flashgun to the contacts (7) and 
cock the shutter. No other setting is necessary. For F 
(5-millisecond delay), flashlamps set the synchronizer de- 
lay scale (6) by lifting the delay scale button (8) and swinging 
it to the top of the scale, where the letter F is engraved. 
After cocking the shutter, set the synchronizer setting lever 
(5) clockwise until it stops. By connecting a flash cord 
from the flashgun to the contacts (7), the shutter will be 
synchronized with the flashlamp. 

To set the shutter for M (18-millisecond delay), the onlv 
change needed from the F setting is to move the delay scale 
button (8) from F to M and sct the shutter as was described 
for the F settings. 

The angle of view and the depth of field of the normal 
angle lens are shown in table 13-1. 

WIDE ANGLE LENS.—The wide angle lens supplied with the 
4x5 Graphic View II is the 90mm (3%-inch) £/6.8 Optar 
lens. It is mounted in a No. 1 flash synchronized Graphex 
shutter as shown in figure 13-12. 

To set the diaphragm, move the diaphragm pointer (9) to 
the desired f/stop. The diaphragm has f/stops from f/6.8 to 
{/32. The shutter speeds, which are the same as on the nor- 
mal angle lens, are set by rotating the speed setting ring (3) 
until the desired speed is opposite the speed pointer (4). 
The shutter is set by cocking the setting lever (2) and is 
released by pushing the release lever (10). It has a press 
focus button which is operated by pushing down on the press 
focus lever (5). To close the shutter, push up on the lever. 

The shutter has built-in flash synchronization which is 
controlled by the synchronizer control lever (7). To operate 
the flash mechanism connect a flash cord from a flashgun to 
the contacts (6) and set the desired time delay by moving 
the svnehronizer control lever (7) to the proper letter on the 
delay scale (8). The shutter is then properly synchronized. 
When the shutter is not being used with flash, the control 
lever (7) should be at OFF so that the mechanism will not be 
unduly worn. For X (0 delay) or F (5-millisecond delay), the 
same setting is used. For M_ (18-millisecond delay), there 
are two settings, a red M anda black M. Use the red M with 
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Figure 13-12.—Wide angle lens and shutter. 


the shutter speeds marked in red on the speed ring. Use 
the black M on shutter speeds marked in black on the speed 
ring. This will give proper synchronization at all shutter 
speeds. Caution: Alwavs set the control lever (7) to the 
proper setting before cocking the shutter to insure correct 
svnchronization. 

The angle of view and depth of field for the 90mm wide 
angle Jens are listed in table 13-2. 


Preventive Maintenance 


Very little preventive maintenance is needed on the 4 x 5 
Graphic View II. It should be cleaned periodically; how 
often depends on the type of work to which the camera is 
subjected. If the camera was used where it was quite 
sandy or dusty, it should be cleaned quite often, at least 
once a week. 

CLEANING.— In cleaning the camera itself, remove the 
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lens board and the camera back, open the bellows to its 
longest extension, and blow through the camera. Inspect 
the folds of the bellows for cracks or light leaks by holding 
a light inside the bellows and looking at the bellows from 
the outside. Cracks will then leak light. Check the 
screws holding the bellows onto the front and back frame, 
tightening any that are loose. The lens should be carefully 
dusted with a lens brush and any fingerprints gently removed 
with lens tissue. On the camera back, inspect for worn 
velvet that may cause loose holder fit and allow light leak. 
Brush the velvet with a moderately stiff brush to remove 
dust and rejuvenate the velvet pile. 

LuBrRIcATION.—Under normal conditions, lubricate the 
camera annually. Under extreme dry or extensive use out 
of doors, lubricate about every four months. 

Figure 13-13 indicates the items to be lubricated. TRiPop 
HEAD: lubricate on the friction surfaces of the horizontal 
rotating base plates (4) and the rotating ends of the support 
(5). Lubricate with AN-G-6 grease. CAMERA BODY: 
The carriage swing and slide (3) is lubricated with a solution 
of paraffin wax, Federal Specification VV—P-121a, dissolved 
in benzene, U. S. Army Specification 4-1016B. Loosen the 
carriage knobs (6) and wipe surface between each plate 
with a thin swab saturated with the paraffin-benzene solu- 
tion. The racks of the bed (2) and the rising front (1) are 
lubricated by rubbing with a piece of paraffin wax. Run 
the pinion over the rack several times and then brush away 
loose chips of wax. 

ApsusTING.—There are few adjustments to be made on 
the Graphic View. If the rising front lock needs adjusting, 
proceed as follows: Referring to figure 13-14, slide the pinion 
to the left until the right pimon is disengaged from the 
locking rack. Loosen the setscrew on the right knob and 
move the knob so there is %_ inch between knob and casting. 
Then tighten setscrew. Loosen setscrew on the left knob 
and move the knob so there is %> inch between knob and 
casting. Then tighten setscrew. 

If the bed rack ((2) of fig. 13-13) is binding, adjustment 
of the clearance between the teeth and gears of the focusing 
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Figure 13-14.—Rising front pinion adjustment. 


609 


knob should be accomplished by a competent camera repair- 
man. 

CARRYING CASE.—During each periodic inspection, remove 
all items from the carrying case and brush out all compart- 
ments.. In returning the camera to the case, center the 
front and back frames of the camera over the center of the 
camera bed, making sure the bellows is depressed as far as 
it will go. The camera will then readily slide into its com- 
partment in the case. 


QUIZ 


1. The main advantage of the 8 x 10 view camera over the 4 x 5 is the 


a. large negative size 

b. number of camera adjustments 
c. angle of view of the lens 

d. sturdiness of construction 


2. The main advantage of the 4 x 5 view camera over the 8 x 10 is the 


a. number of camera adjustments 
b. angle of view of the lens 
c. sturdiness of construction 
d. portability 
3. The maximum bellows extension of the 4 x 5 Graphic View II is 
a. 8 inches 
b. 10 inches 


c. 12 inches 
d. 16 inches 


4. The vertical swing back of the view camera is used primarily to 


a. correct distortion, or perspective, in the vertical plane 
b. control depth of field in a vertical plane 

c. position the image vertically 

d. correct distortion, or perspective, in the horizontal plane 


5. The lateral swing back of the view camera is used primarily to 


a. correct distortion, or perspective, in the horizontal plane 
b. control depth of field in a horizontal plane 

c. position the image laterally 

d. correct distortion, or perspective, in the vertical plane 
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10. 


The vertical swing front on the view camera is used primarily to 


a. correct distortion, or perspective, in the vertical plane 

b. position the image vertically 

c. control depth of field when the vertical swing back is off center 
d. correct distortion, or perspective, in the horizontal plane 


The lateral swing front on the view camera is used primarily to 


a. control depth of field when the lateral swing back is off center 
b. control depth of field when the vertical swing back is off center 
ec. correct distortion, or perspective, in the horizontal plane 

d. position the image laterally 


The sliding front and back on the view camera are used primarily to 


a. control distortion, or perspective, in a horizontal plane 

b. control depth of field horizontally 

ec. control depth of field vertically 

d. center the image on the ground glass when the object is not 
directly in front of the lens 


. The rising front is used primarily to 


a. control distortion, or perspective, in a vertical plane 
b. center the subject vertically on the ground glass 

c. control depth of field horizontally 

d. control depth of field vertically 


The Flash Supermatic Shutter supplied for the 8-inch lens on the 
4 x 5 Graphic View II provides synchronization for 

Electronic Flash 

. Class F flashlamps 

class M flashlamps 

. all of the above 
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CHAPTER 





ILLUSTRATIVE PHOTOGRAPHY 


The term ILLUSTRATIVE PHOTOGRAPHY has been selected 
as being the most descriptive and appropriate for this type 
of photography. Actually it encompasses a major portion 
of the field of commercial photography. Photographs of 





Figure 14-1.—Camera, lights, and equipment set up for illustrative 
photography. 
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Figure 14-2.—Interior view of machinery installation. 


this nature are designed to illustrate and explain more com- 
pletely and concisely than is possible with words alone. 
They do not necessarily tell the whole story by themselves, 
but greatly assist in the explanation to make it more easily 
understood. (See fig. 14-1.) 

Through this medium we are able to illustrate a variety of 
“things” from bolts to battleships, showing their size, shape, 
location, and condition. It is used extensively to illustrate 
new equipment, machinery, and a variety of installations. 
(See fig. 14-2.) 

Information on modifications and changes to equipment 
can be disseminated very effectively with the aid of photo- 
graphic illustrations. (See fig. 14-3.) 

A complete photographic record of the design and test of 
new equipment and materials can be extremely valuable in 
research and engineering. 
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Figure 1 4-3.—Equipment showing modification. 


USES 


Unsatisfactory Reports 


One of the most extensive uses of illustrative photography 
is in connection with reporting damaged, defective, and 
unsatisfactory equipment and materials. Although manu- 
factured to rigid specifications and thoroughly inspected 
and tested before acceptance, many items prove to be un- 
satisfactory. when subjected to conditions of actual service 
use. These conditions cannot always be foreseen and con- 
sidered in design and manufacture. 

Reports describing problems and conditions under which 
the materials have failed are of the utmost importance to 
Navy procurement personnel in effecting improvement. 
Only by learning of these problems through reports, known 
aS UNSATISFACTORY REPORTS, can steps be taken to correct 
defects and obtain the best possible equipment and materials 
for use in the Navy. Photographs are extremely valuable 
to illustrate such reports, supplying details which would 
otherwise be very difficult to explain. The information thus 
provided can be studied by personnel qualified to test and 
redesign the equipment as necessary to make it suitable for 
service use. In this manner large sums of money may be 
saved and injuries to personnel prevented. 
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Damage Assessment 


Another valuable use for pictures of this type is in DAMAGE 
ASSESSMENT. An accident which results in injury to per- 
sonnel or damage to a ship, aircraft, or any equipment repre- 
sents a loss to the country. In each case, photographs are 
an important part of the record submitted with the necessarv 
reports on the damage sustained. A factfinding body con- 
vened to investigate an accident may not be able to inspect 
the actual damage, but may have to depend almost entirely 
on a study of photographs. A detailed photographic 
record should be made of each accident to submit with the 
report, showing the extent of damage from several angles 
with plenty of supporting closeups of any unusual conditions. 
When the cause of an accident is unknown, photographs may 
provide the necessary information to reveal the most likely 
cause as well as a means of preventing similar future occur- 
rences. Improved protective methods are often devised 
through a study of photographs. 

The photographer must rely on his own imagination in 
most cases to determine the number of pictures necessarv to 
make a complete report. It is good practice to make more 
negatives than vou think will be required. The extras can 
be disposed of much more easily than going back and setting 
up the camera again. Pictures are normally made of both 
the exterior and the interior, if possible, of a damaged 
object. When the damaged or defective object is only a 
small part of a large piece of equipment, one picture is 
usually made which will show the relation of the part to the 
whole piece of equipment. It will depend on circumstances 
whether a medium shot is necessary to show the broken or 
defective part in relation to other closely associated parts. 

Closeups will definitely be required to show the most 
complete detail and may be made with the part installed as 
well as disassembled. In most cases a small part is removed 
for closeup photographs to facilitate taking the pictures and 
- showing maximum detail. 


451961 O—58 41 615 





CAMERAS 


The variety of subjects encountered in doing illustrative 
photography requires a camera which is portable and equally 
adapted for use in the studio and in the field. It should 
have a long bellows extension, vertical and horizontal swing 
adjustments on the back, front movements of tilt, rising 
front and lateral shift, and should be equipped with both 
long and short focal length lenses. Since the VIEW CAMERA 
contains all of these features, it is preferred as the most 
suitable camera for general use in this type of work. The 
11 x 14 inch studio camera of the DEARDORFF TYPE (fig. 
14-1) is particularly good for photographing objects which 
can be brought into the laboratory, but is much too large to 
use in the field. In addition, it has a large studio stand 
which permits the camera to be raised, lowered, tilted at 
almost any angle, and can be moved about the studio very 
easily. 

The SPEED GRAPHIC is sometimes preferable for use in the 
field since it can be operated more quickly and easily than 
the View camera, and because of its flash equipment. When 
speed is more important than a pleasing perspective or the 
subject is one which will be unaffected by distortion, the 
Speed Graphic can be used advantageously. Even though 
the illumination is sufficient to make exposures while hold- 
ing a camera in the hands, it is advisable to use a tripod. 
The composition will be better and the chances of important 
parts of the picture being out of focus is less likely. 


ILLUMINATION 


The hghting equipment most commonly used for illumi- 
nation is photoflood lamps in suitable reflectors, the number 
varving according to the size of the object being photo- 
graphed. They are very convenient to use and have a high 
light output in relation to the amount of electrical current 
required. The light output of a photoflood lamp is usually 
two to three times that produced by a regular incandescent 
lamp of the same wattage. For example, a 500 watt No. 2 
photoflood draws approximately five amperes of current, 
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yet its light output is almost equivalent to that produced 
by a regular 1,500 watt lamp. This increased light output 
is obtained by overloading the lamp filament to make it 
burn at a much higher temperature, which, in turn, greatly 
reduces the life of the lamp. 

Other methods of illumination such as electronic flash, 
flashbulbs, regular room illumination, fluorescent lights, or 
daylight may be just as satisfactory as photofloods. Certain 
circumstances may make it desirable to combine two or 
more forms of illumination. Consideration of the subject 
and the facilities available will usually determine which form 
of lighting should be used. 

Whether the subject is a very small part or a large piece 
of machinery, it should be illuminated evenly with soft 
shadows as necessary to bring out the texture and maximum 
detail. Harsh, black shadows are objectionable in nearly 
every case since they obscure detail. Bright reflections are 
undesirable for the same reason. Good illumination then is 
one of the major problems, and in some cases is extremely 
difficult to obtain. Plenty of ingenuity plus all the tricks 
in the bag may be required for some of the more difficult 
subjects. 

“PAINTING” WITH LIGHT.—One of the simplest methods 
of obtaining even illumination and soft shadows is by 
“painting” with light. The light 1s used similarly to a spray 
gun, moving it constantly up and down and around the 
subject and its background with an even coverage of light 
during the exposure. Naturally, the shutter must be open 
for a time exposure while painting the subject with light. 
An exposure of ten seconds or more will be required, depend- 
ing on the size of the object. Never allow the light or bright 
reflections to shine directly into the lens. Keep the lamp 
moving constantly so that it is not directed at any one part 
of the subject for too long a time. In this manner every 
part of the subject will be exposed evenly on the negative, 
making it much easier to print. 

DIFFUSED LIGHTING.—The diffused light in an open shade 
or from an overcast sky is an excellent source of illumination 
for many subjects. Crinkled-foil reflectors can be used to 
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direct additional light into the denser shadows. Small or 
large objects as well as certain sections of the interior of a 
building can be photographed successfully using the natural, 
diffused light coming in through the windows. When Tale 
ing an interior picture, try to avoid pointing the camera so 
that it will include sunlit windows in the view. It is diffi- 
cult to counterbalance the light from the windows with flash 
or photoflood lamps. Unless the light is balanced, the 
windows will be greatly overexposed and may cause flare 
and ghost images on the negative. If it is necessary to in- 
clude a window in the view and the light cannot be counter- 
balanced, take the picture at night or late afternoon. Some- 
what the same effect can be obtained by drawing the shades 
or covering the windows during a portion of the exposure. 
Small objects which have highly reflective surfaces can be 
illuminated by light reflected from a large piece of white 
paper placed in a circle around the subject. The light should 
be directed at the paper instead of the object. Although a 





Figure 14—4.—Backlighted glass provides shadowless background. 
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relatively long exposure will be required, this method will 
reduce the intensity of reflections which would result with 
lights in a fixed position or painting directly on the subject. 
(See fig. 14-4.) 

When photographing a small object, it is usually desirable 
to show it against a plain, contrasting background so that 
it will stand out in sharp, well-defined detail. The object 
may be placed on a white piece of cloth or blotter for a 
light background. If this method produces objectionable 
shadows or the background does not reproduce white 
enough, the negative can be opaqued or airbrushed to 
obliterate the background entirely. Blocking out the back- 
ground in this manner is difficult and impractical if the 
edges of the object are rough and irregular. A very prac- 
rical method of solving this problem is to photograph the 
object on a piece of opal or ground glass. Support the 
glass two or three feet above a large piece of white material 
placed on the floor. Direct light evenly onto the white 
material so that it provides a perfectly flat, white background 
for the object. The edges of the object will be sharply 
defined and there will be no shadows whatsoever. The 
object itself should be lighted individually and in the usual 
manner. If a large number of pictures must be made with 
shadowless backgrounds, it will be advantageous to build 
a box with a glass top and place lights around the slides 
of the interior to illuminate the bottom evenly. 


Illumination Techniques 


Although a soft, diffused lighting effect will produce the 
best results with most subjects in illustrative photography, 
the maximum detail can only be shown in some objects by 
means of highhights and shadows. The problem arises 
from the fact that a three dimensional object must be 
recorded on a flat surface. Some means must be used to 
add a feeling of depth to the picture and give it the appear- 
ance of having a third dimension. 

A round object such as a ball will appear as flat as a coin 
if the lighting is flat and devoid of shadows. When shape 
and form is to be shown in a rounded object, the main light 
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source is set far to the side, perhaps as much as ninety degrees 
to the axis of the lens, and somewhat above the object. 
One side of the object will be strongly illuminated and 
show a prominent highlight, the light diminishing in inten- 
sity as it progresses around the object toward the shadow 
side. Place a less intense light or a reflector on the opposite 
side to fill in the shadows sufficiently to record detail. It 
should not be strong enough to eliminate the shadows or 
to cast a shadow on the opposite side. Double shadows 
are quite objectionable. 

Another instance where flat, diffused lighting will not 
bring out maximum detail in the subject is when its surface 
texture is rough and irregular. The texture of the surface 
can be emphasized most effectively by placing the light very 
close to the object and directing the light across the surface 
so that a shadow will be cast from each minute elevation 
into the adjacent depression. (See fig. 14-5.) The light 
should be placed so as to cast the shadows across the line 





Figure 14-5.—Crosslighting emphasizes surface texture. 
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of vision. If shadows are cast directly away from the 
camera, the texture will not show nearly as well. To 
prevent loss of detail in the shadow areas, use a reflector 
or weak light to fill them in sufficiently to record detail 
throughout. 

Occasionally exploded views of a number of small objects 
will be photographed in a group to illustrate the various 
parts of an assembly. (See fig. 14-6.) Normally they are 
arranged in the layout in the same order in which they 
would be assembled or disassembled. Pay particular atten- 
tion to the composition of a group of objects as it appears 
on the ground glass rather than as it appears to the eye 
from the camera position. Attempt to arrange them so 
that they fill the picture area in an interesting manner. It 
is uninteresting to have them arranged in a long narrow 
line with blank space above and below them. 





Figure 14-6.—Exploded view. 


Very seldom is a straight end-on view required of anything, 
and it should be avoided if possible. A viewpoint from 
above and to one side will show more of an object in one 
view than any other angle. The composition will be greatly 
improved with this perspective and show the width, length, 
and other important features as well as add an apparent 
quality of depth to the picture. Particularly with mech- 
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Figure 14—7.—Exterior view of heavy mechanized equipment. 


anized equipment (fig. 14-7), more space should be allowed 
between the object and the margin of the picture at the 
front than at the back. 

The exterior of a building should be photographed from 
such an angle as will show its size, shape, and proportion 
to the best advantage. Attempt to show the front and 
enough of one end to indicate depth, plus sufficient fore- 
ground to furnish support for the building. Try to avoid 
a viewpoint where the main entrance is obstructed or which 
will place the near corner of the building in the center of 
the picture. Frequently, a wide angle lens will be required 
due to obstructions or space limitations. In such cases, 
good perspective may have to be sacrificed in order to place 
the camera at the best viewpoint. 

Making exterior views of aircraft presents no unusual 
problems. Considerable attention should be given to the 
background to see that it is plain and related to aviation. 
A good viewpoint is from the front and enough to one side 
to show the entire fuselage. Often a low angle is advantage- 
ous in that the sky is used for a background. The wings of 
an aircraft will appear excessively distorted if photographed 
from the side with a wide angle lens. Two-bladed propellers 
should be placed horizontally and three-bladed ones should 
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have one blade pointed vertically at the ground to provide 
uniformity in appearance of parked aircraft. 

A damaged or wrecked aircraft should be photographed 
before being disturbed or removed, if possible. At least 
one general view should be made to show skid marks and 
any other factors which may have contributed to the ac- 
cident. The area surrounding a crash should be shown from 
the air as well as the ground if wreckage is scattered over a 
large area, particularly if nearby obstacles may have inter- 
fered with the approaching aircraft. Numerous closeup 
photographs should be made of parts such as landing gear, 
engines, instrument panel, and controls, if they might 
materially assist in determining the cause of the accident. 
Any damage to private property which might be the basis 
of a claim against the government should be photographed 
in detail. Fatally injured personnel should not be photo- 
graphed. Frequently, gasoline will be spilled around the 
immediate vicinity of a crash. If vapors are present in a 
confined area, flashbulbs should not be used due to the 
danger of fire or explosion. 


MIRROR LAYOUT 


It is often difficult to set up a camera for interior and 
closeup work so as to obtain the most desirable viewpoint. 
Space limitations or other equipment may obstruct the view 
and make it impossible to photograph an assembly or part 
of an assembly directly. Frequently, a mirror can be 
employed to good advantage in illustrative photography. A 
mirror placed at the proper angle and distance will show the 
opposite side of an object in the reflection while the camera 
records the front side directly. For example, in photo- 
graphing an object for damage assessment where the damage 
extends to two or more surfaces, it would be difficult or 
impossible to show all the damage in one view without the 
aid of a mirror. In such cases, the value of a picture may be 
greatly increased by showing all of the damage in one picture 
with as complete a view of the object as possible. An 
instance where this method may be desirable is in photo- 
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graphing an aircraft cylinder which has been scored or 
cracked on the inside as well as damaged outwardly. Both 
surfaces may be shown in one view by using a mirror with 
the added advantage of conserving film, time, and paper. 

It is often desirable to obtain a picture of an object or part 
which will show its relation to the complete assembly, such 
as an installation on an aircraft or the interior of an aerial 
camera. (See fig. 14-8.) When it is impossible to locate the 
camera so as to see the part or object directly, the problem 
may be solved by using a mirror to reflect an image of the 
assembled part. 





Figure 14-8.—Mirror used to show interior view of aerial camera. 


Taking a picture of a reflected image presents some prob- 
lems which are unique to mirror photography. It is difficult 
to prevent the mirror from reflecting other objects which are 
not wanted in the picture. Care must be exercised in placing 
the mirror at the proper angle to eliminate unwanted re- 
flections and in arranging the lights so as to avoid illuminating 
an object which would produce an undesirable reflection. 
Often a screen can be set up to block off the reflection of an 
unwanted object. 
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Correct illumination of an object for mirror photography 
is slightly more difficult in that lighting on both the front and 
back side of the object must be evenly balanced. Otherwise, 
the mirrored image will appear too dark or too light. Direct 
the light on the object from the mirror side as well as the 
camera side. If it is impossible to place a light to the mirror 
side of the object, use the mirror to reflect the light onto the 
back side of the object. This will require careful placement 
of the camera in relation to thelight source to avoid strong rays 
of light from entering the lens. Spotlights are usually more 
suitable than floodlights because the beam of light caa be 
directed exactly where it is wanted and away from the 
camera lens. In any event, a shade should be used over the 
lens to shield it from stray light. 

Focus the camera very carefully when photographing a 
reflected image. Usually, it will be necessary to use a small 
diaphragm opening in order to increase the depth of field 
sufficiently to have the entire picture sharply focused. 
When focusing on a reflected image, the lens must be set 
for the distance from camera to mirror plus the distance 
from subject to mirror. This naturally requires a much 
greater depth of field than would ordinarily be required. 


EXPOSURE AND DEVELOPMENT 


One of the most difficult problems in photographing such 
objects as machinery, engines, meters and gages, and in- 
strument panels is obtaining sufficient exposure in the 
darker portions of the subject without overexposing the 
lighter areas. Often the difference in intensity of light re- 
flected from parts of such objects will be so extreme that the 
latitude of a long scale film is insufficient to record detail 
throughout. A simple solution to this problem in most cases 
is to overexpose and underdevelop the film. The exposure is 
made specifically to record detail in the shadows, ignoring 
the fact that highlights will be greatly overexposed. Then 
during development, careful attention is given to the high- 
light areas of the negative to insure that development is 
stopped before they become too dense for printing. Even 
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though the negative has been developed in less time than 
normally recommended, more density will have been built 
up in the shadow areas than would have been obtained with 
normal exposure and development, and the highlights will 
be far less dense. 

Sometimes this method of overexposure and underdevel- 
opment will not reduce the contrast sufficiently to produce 
the desired results. Meters, gages, and instruments are 
particularly difficult because they usually have a white face 
set into a black background. One way to solve this problem 
is to make two separate negatives, one exposed for the in- 
struments and the other for the background. After making 
the best print from each negative, cut the instruments out 
of one and paste them onto the other print having good 
detail in the machinery or background. Then, make a copy 
negative of the composite print. Another method is to 
cover the face of the instruments with some flat, black mate- 
rial while making the exposure for the background. Then 
remove the material and expose for the instrument. Both 
of these methods are time consuming and require very 
careful manipulation. When lighting an instrument panel 
or other objects with bright reflecting surfaces, check the 
ground glass very carefully to insure that some important 
detail is not hidden by a bright reflection. 

The type of film most suitable for illustrative photography 
will depend on the subject itself. It should have fine grain 
characteristics and high resolving power and be of medium 
speed. In most cases'a long scale film having excellent 
tonal separation quality throughout all densities is preferred. 
The best type of film for photographing machinery, equip- 
ment, and small objects having no red or orange color, or 
when color is of no regard, is COMMERCIAL OF COMMERCIAL 
ORTHO. A medium-speed, panchromatic film can be sub- 
stituted for commercial, and must be used when red and 
orange colors are to be reproduced in their proper tonal 
brightness on the print. Panchromatic film should be used 
almost exclusively for exterior photography because of its 
red sensitivity. 

A K-2 and a G Fitter will be adequate for practically 
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all exterior photographs. Additional filters will be required 
for indoor studio work to photograph a wide variety of 
charts, wood, metal, and other colored objects. 

The correct exposure is often difficult to determine in close- 
up views, particularly of small objects. With such smal) 
objects, it is difficult to get an accurate meter reading, due 
to the fact that light from the background is reflected into 
the meter together with light from the subject. A satis- 
factory meter reading can only te taken directly if the subject 
is large enough to exclude extraneous light when the meter 
is held at the proper distance. As an alternative, take a 
meter reading of a white or neutral gray card held directly 
in front of the subject. The correct exposure can then be 
calculated from the reading obtained. Meters such as the 
General Electric and Norwood can be used to take an incident 
light reading. Whatever method is used to measure the 
intensity of light on the subject, be sure to make compensa- 
tion in the exposure for the bellows extension. 


Print Quality 


Since the object of illustrative photography is to show 
maximum detail in the subject, the prints may often appear 
somewhat flat and lacking in contrast when compared with 
other work. They should not appear muddy, however, as 
though development has.been uneven or incomplete. A 
muddy looking background is very distracting. If there is 
insufficient density of the background in the negative, do 
not use a more contrasty grade of paper just to keep the 
background from printing through. Considerable detail in 
the subject would be sacrificed by the increased contrast. 
If dodging will not produce the desired effect and opaquing 
or airbrushing is impractical, remake the negative, increasing 
the illumination on the background. This is quite simple 
when using ground or opal glass for a shadowless background. 
The negative can be given two separate exposures, one for 
the subject and one for the background. 

It is often necessary to annotate pictures so that more 
complete information and dimensions can be given and 
particular parts can be specifically identified. Lettering, 
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lines, and arrows can be put on the negative .in black ink or 
cut with an etching knife. Another method of annota- 
tions to do the lettering on a print and then make a copy 
negative. 


SUMMARY 


Every job in illustrative photography presents its own 
special problems. Most subjects require careful planning 
and preparation in order to make a really good photograph. 
Some subjects may require a preliminary survey to determine 
the best viewpoint, most suitable time of day, special light- 
ing problems, and which lens will give the best perspective 
and coverage. Never be satisfied with a picture which will 
just “get by.”’ Strive for the best in composition and light- 
ing. Make full use of the adjustments on the camera to 
correct for any unpleasant distortions of the subject. Illus- 
trative photography is not necessarily easy, but the variety 
of subjects encountered can make it one of the most diversi- 
fied, challenging, and interesting fields of photography. 
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QUIZ 


. One of the most extensive uses for illustrative photography is in 
connection with 

a. recruiting 

b. public information 

c. unsatisfactory reports 

d. illustrating new equipment 


. When making photographs for damage assessment, it is good 
practice to 

a. include an aerial photograph 

b. make more negatives than you think will be required 

c. eliminate medium and long shots 

d. shoot only required angles 


. The camera preferred as the most suitable for general use in 
illustrative photography is the 

a. Deardorff type studio camera 

b. Speed Graphic 

c. View camera 

d. Graflex 


. For best composition and sharp focus in illustrative photography, 
it is advisable to use a 

a. short focal length lens 

b. tripod to support the camera 

c. long focal length lens 

d. studio camera 


. The problem of presenting a three dimensional object on a flat 
plane (the print) and give a feeling of depth to the picture is best 
overcome by the use of 

a. highlights and shadows 

b. flat lighting 

c. back lighting 

d. side lighting 


. In illustrative photography, whether the subject be large or small, 
it should be illuminated 

a. evenly with soft shadows 

b. to avoid shadows 

c. from beneath 

d. with “painted light’ 


. When photographing small parts, objectionable background 
shadows can be best eliminated by 

a. opaque on the negative 

b. airbrushing the negative 

c. using back lighted ground glass 

d. using more lights 
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10. 


11. 


12. 


14. 


. When lighting an object to show texture, the light should be 


placed to cast the shadows 


a. away from the camera 
b. toward the camera 

c. toward the line of vision 
d. across the line of vision 


The camera viewpoint which will show more of an object in one 
view than any other is from 


a. above and to one side 

b. above and in front 

c. directly above 

d. eye level and to one side 

In photographing buildings you should 

a. attempt to show the front and enough of one side to show 
depth 

b. include sufficient foreground to furnish support 

c. avoid a viewpoint that will place the near corner in the center 
of the picture 

d. all of the above 


When possible, a damaged aircraft should be photographed 


a. as soon as all the parts have been assembled 

b. after the pilot’s report 

c. aS soon as the commanding officer grants permission 
d. before being disturbed or removed 


When covering an aircraft accident, any damage to private prop- 
erty which might be the basis for a claim against the Government 
should be photographed 


a. in detail 

b. without the owner’s knowledge 

c. with the owner’s permission 

d. by direction of the commanding officer 


. When covering aircraft accidents, avoid taking pictures 


a. of fatally injured personnel 

b. that may prove embarrassing to the pilot 
c. showing fire fighting apparatus in action 
d. of classified equipment 


Small apertures may be necessary when photographing mirror 
images together with the object itself to 

. minimize reflections from the mirror 

. control exposure 

. obtain sufficient depth of field 

. to eliminate aberrations 


a.aoFt & 
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15. 


16. 


17. 


18. 


In photographing objects that have an extreme brightness range 
from highlight to shadow, the exposure is made specifically to 
record detail in the 

a. shadows 

b. highlights 

c. middletones 

d. halftones 


The type of film most suitable for illustrative photography is 
a. Panchromatic 
b. medium speed and fine grain 
c. commercial 
d. commercial ortho 


Exposure for small objects is best determined by taking an ex- 
posure meter reading from 

a. a neutral gray card at the subject position 

b. the object itself 

c. the background 

d. the camera position 


To show maximum detail in illustrative photography, the prints 
may often appear somewhat 


a. flat 
b. contrasty 
c. light 
d. dark 
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CHAPTER 





COPYING 


The term COPYING, as used in photography, means the 
making of a photograph of another photograph, drawing 
map, or similar flat object. The photographic reproduction 
may be almost any size relative to the original—equal in 
size, larger, or smaller as required. 

Making a good photographic copy of a picture or a printed 
page is an accomplishment of which any photographer may 
be proud. It is on a par with making an excellent portrait, 
and sometimes is even more useful. A knowledge of copying 
technique, therefore, extends the art and proficiency of the 
photographer, making him more useful to himself and the 
Navy. 

Every picture you see in a newspaper, book, or magazine 
has been copied at least once. Banks make camera records 
of checks received. Whole libraries are copied on fiJm that 
occupies a tiny fraction of the space required for the books. 
Successful copying requires careful work, but is one of the 
simplest jobs in photography. In Navy photographic 
laboratories, a considerable portion of the work is copying. 
Therefore, copying knowhow is a must for every naval 
photographer. 


PHOTOGRAPHIC REPRODUCTION 


The problem of copying (making a photographic reproduc- 
tion of flat objects), while apparently simple, is complicated 
by the great variation in the nature of the originals to be 
reproduced and the varying conditions under which the 
work is to be accomplished. 
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The subject material to be reproduced will vary from 
simple line drawings, blueprints, and schematics, through 
different stages to the more complex continuous-tone prints 
and charts employed daily aboard ships and large naval air 
stations. 

There are various terms that are peculiar to the copying 
technique. The Navy photographer should learn and 
understand these, as they will make his work easier. A 
brief description of the equipment involved in copying will 
also help in understanding the remainder of this chapter. 


Terminology 


Copyine.—The photographic reproduction of any flat 
original, examples of which are maps, charts, and photo- 
graphs. 

OrIGINAL.—The material to be copied. | 
LINE ORIGINAL.—Material such as line drawings or 
printed matter. In these cases there are only two tones, a 

dark one and a light one. 

CoONTINUOUS-TONE ORIGINAL.—Material which contains 
many shades of gray or color between the lightest and the 
darkest tone. 

Copy NEGATIVE.—The negative produced from the material 
being copied. 

Repropuction.—The photograph obtained by copying; 
also called the ‘‘copy.”’ 

Hatrronre.—A continuous-tone original which has been 
reproduced by a photomechanical process. The gradations 
or tones of the original are produced by means of a pattern 
of tiny dots, the size of the dots varying with the brightness 
of the tones in the original to give the illusion of various 
shades of gray. 

SIZE OR SCALE.—The relationship of the size of the copy 
to the size of the original. It is commonly expressed as a 
ratio, but can be expressed as a linear measurement. 

REFLEX COPYING.—A means of copying black-and-white 
line originals or coarse halftones by contact, exposing through 
the sensitized paper. 
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Equipment 


CaMERAS.—Any camera CAN be used for copy work, but 
the quality of work produced will not be as satisfactory as 
that produced with a camera designed for copy work. Navy 
photographic laboratories are equipped with various types of 
copy cameras. Figure 15-1 illustrates a typical copy camera. 

In general, a copy camera should have the below listed 
requirements and features: 

1. Ground glass. 

2. Sufficient bellows extension for copies larger than the 

original. 

3. Focal length of the lens not less than the diagonal of 

the plate. 

4. Means of holding original parallel to the plate or film, 

and perpendicular to the axis of the lens. 

LIGHTING EQUIPMENT.—Any type of lighting can be used 
- for making copies. Some of the types are: 





Figure 15-1.—8 x 10 copying camera. 
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Figure 15-2.—Copy camera in use. 


. Ordinary tungsten lamps. 
. Photoflood lamps. 

. Fluorescent tubes. 

Arc lamps. 

Daylight. 

. Photoflash lamps. 

The type of lighting used will, of course, govern the length 
of exposure. Also, lamps in a proper reflector will shorten 
the exposure required with the same lamp without a re- 
flector. Figure 15-2 shows a copy camera being used with 
two photoflood lamps in approved type reflectors. 

Fitters.—The use of filters was fully described in chapter 
12. Both correction and contrast filters are used in copy 
work. They are usually a set of 4-inch square filters, attached 
to the camera with a wooden filter holder. Their use will be 
described later in this chapter. 


Oo PWN e 


THE COPY CAMERA 


Although any type of camera with proper auxiliary equip- 
ment, such as auxiliary closeup lenses, parallax correcting 
viewfinders, ctc., can be used for copy work, for maximum 
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efficiency a camera designed specifically for copying should 
be used if available. This type of camera should have ground 
glass focusing, a long bellows extension, and front-and-back 
focusing. 

GROUND GLAss.—Ground glass focusing is nearly a must in 
copy work. Because of the short distance from subject to 
film, a viewfinder will seldom have enough parallax correction 
to compensate for the distance between the viewfinder and 
the film plane. Also, as a specific size is usually desired in the 
copy negative, the use of a ground glass makes the measuring 
of the image size very simple. Any flare from the lighting 
being used will also be readily seen on a ground glass, and can 
be eliminated. 

BELLows.—A camera of this type should be capable of a 
bellows extension of at least two, preferably three, times the 
focal length of the lens used. If a camera does not have 
sufficient bellows extension to permit enlarged reproductions 
of the subject to be copied, extension cones may be attached 
to the front of the camera to provide the necessary increases 
in distance between the lens and the focal plane. The bellows 
should be readily collapsible to the equivalent of one focal 
length so as to permit any scale of reduction of which the lens 
is capable. 

ConsTRUCTION.—For convenience, the camera should be 
mounted so that the ground glass is parallel with an easel, 
which accommodates the subject matter and is an integral 
part of the camera construction. It is also important that 
the lens axis be perpendicular to the ground glass and easel. 
A camera so constructed will produce images as true to scale 
as the accuracy of the lens will permit. If a camera which is 
not designed for copying is used, the photographer must care- 
fully adjust his equipment to meet these requirements if true 
scale images are desired. 

A simple and accurate test of determining the parallelism 
of easel and ground glass is to focus on a sharply defined 
square, preferably drawn with black ink. Unless the image of 
the square is in true proportion to the original, either the easel 
or the ground glass is not parallel, or the axis of the lens is 
not perpendicular to these surfaces. Assuming the lens to be 
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in its correct position, the photographer should adjust the 
easel and camera until the desired effect is produced on the 
ground glass. 

Lrens.—In copying, the subject being photographed is 
usually a perfectly flat object containing lines. A lens is 
needed, therefore, which will give a sharply defined image on 
a flat plane, in which the straight lines of the original are 
rectilinear—in other words, flatness of field without dis- 
tortion. | 

For all round work, the focal length can be the same for 
copying as for ordinary photography, or roughly equal to the 
diagonal of the negative. However, when the need arises to 
produce an image size larger than the original, it may be 
better to use a short focus lens, one equal to half the negative 
diagonal. This will reduce the bellows extension, which will 
decrease the working space needed to make copy negatives 
in a small photographic laboratory. 

There is a widespread belief that the further a lens is 
stopped down, the greater the sharpness of the image. This 
is only true for some lenses, not at all true for others. For 
every lens there is @ CRITICAL APERTURE at which it works 
most efficiently. If the diaphragm opening is made smaller, 
there is an actual decrease in sharpness of the image as a 
result of DIFFRACTION (a deviation of rays of light from a 
straight course when partially cut off by any obstacle or 
passing near the edge of an opening or through a minute hole). 
In some lenses, such as the Zeiss Tessar f/6.3 and the Kodak 
Anastigmat f{/7.7, the MAXIMUM APERTURE is the critical 
aperture. 

The chief advantage gained by stopping down any lens is 
to increase the depth of field. In copying, where all the ma- 
terial is on practically one plane, there is no need to produce 
a great depth of field. Therefore, the wisest practice is to use 
the lens at its critical aperture. In general, an f/4.5 lens 
usually is sharpest at about f/11, and an f/2.5 or f/2.8 lens 
at £/5.6 to f/6.3. 

SHUTTER.—As the exposure time in copy work is of rela- 
tively long duration, any type of shutter, or no shutter at all, 
is satisfactory. A self cocking shutter, a double action shut- 
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ter, a Packard type shutter with rubber bulb are used and all 
are satisfactory. If the lens being used is mounted in a barrel 
without a shutter, using the lens cap, by taking it off the lens 
at the start of the exposure and replacing it at the end of the 
exposure, will work very well. 

Copy BOARD OR EASEL.—The copy board or easel, besides 
the fact that it should be attached to the camera bed so that 
it will be in line with the film plane, should have some method 
of attaching the subject material to it so that it will be in line 
with the axis of the lens. Most copy boards are marked off 
from the center with guide lines so that originals of any size 
can be attached to them and they will be lined up with the 
axis of the lens. The copy board should also have some means 
of quickly attaching the subject matter to it, such as spring 
clips. A glass frame that can be quickly opened and closed 
is also handy. 

CAMERA ALINEMENT.—The camera renders true perspec- 
tive. Therefore, if the photograph is to be a true reproduc- 
tion of the original, the plane of the film must be exactly 
parallel to that of the original. Care should be taken in 
lining up camera and original so that horizontal and vertical 
lines are rendered correctly and that parallel lines do not 
tend to converge. If there is some doubt as to the accuracy 
of the positioning, the image on the ground glass can be 
measured with a sharp-pointed divider or a small ruler to 
make sure that the opposite sides are exactly the same 
length. 

ADJUSTMENTS.—A copy camera should have front-and- 
back focusing. By moving the front standard forward or 
backward on the track, the size of the image can be enlarged 
or reduced. By using the back standard, the image can be 
focused in any position on which the front standard is set. 
The copy camera should also have a rising and falling and 
sliding front. In using this feature, ifthe original is not 
mounted in the exact center of the axis of the lens, the lens 
can be moved to compensate for it without moving the 
original or the tripod on which the camera is set. 

CARE OF THE CAMERA.—There are a few things to remem- 
ber when using a copy camera. Because of the long bellows 
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extension on a copy camera, care should be taken when 
closing the bellows after using them extended. If all the 
folds and creases of the bellows do not fall into place as it is 
closed, the leather will crack and produce light leaks. Fre- 
quently the bellows should be extended all the way, the lens 
board and back taken off the camera, and the bellows blown 
out with air, as dust collects inside the bellows readily. 
When using the lens cap, take it off and put it on carefully, 
as it is Jined with felt to make it light tight. If the felt gets 
worn or scraped off, the lens cap will not fit tightly, creating 
a light leak. Also, brush off the felt of the lens cap frequently, 
as it is a great collector of dust. 


LIGHTING THE ORIGINAL 


As mentioned before, there are numerous types of lights 
that can be used in copying. By careful use of any type of 
lighting, a successful copy can be made. 

The successful copy of any kind of original is largely the 
result of careful illumination, correct exposure, and proper 
development. The brightness or dullness of the copy, avoid- 
ance of graininess in the copy (not emulsion grain), and 
evenness of lighting, all depend on the right handling of the 
illumination of the original. Uneven illumination is more 
noticeable in the finished copy than apparent on the illumi- 
nated original by visual examination before exposure. 


Arrangements of Lights 


In the lighting of flat work to be copied, the chief requisites 
are that the illumination over the subject be even (by having 
the lamps equally distant from the original) and that none 
of the light be reflected into the camera lens. It is recom- 
mended that two light sources be used, one on either side of 
the subject, arranged so that the light strikes the material 
at about a 45-degree angle in order to prevent specular re- 
flections (shiny spots) on the surface of the original. (See 
fig. 15-2.) These reflections, if present, destroy detail in 
the copy negative. Reflections are also reduced by placing 
the original with its long dimension at right angles to the 
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plane of light. Unevenness of illumination is most apparent 
when high-contrast negative materials are used. 


Reflected and Transmitted Lighting 


A method to obtain maximum detail when copying a con- 
tinuous tone photograph is to use both transmitted and re- 
flected light. Transmitted light is obtained by placing a 
light behind the original and shining it through the back of 
the original, with one or two sheets of ground or opal glass 
between the light source and the easel or copy board. The 
margin of the original should be masked with black paper 
or tape so that only light coming through the print reaches 
the film. The principal advantage in copying by the com- 
bination of transmitted and reflected light is that it picks up 
shadow detail which would not register when made by re- 
flected light alone. This gives a margin of safety, in that, 
the exposures do not have to be as accurate in order to get 
fine reproduction. 

Generally, an exposure of 50 percent by reflected light and 
50 percent by transmitted light will suffice and not show any 
of the grain structure of the paper. For some of the coarser, 
rougher papers, it may be necessary to reduce the amount 
of transmitted light exposure to 25 percent of the total to 
avoid the paper grain. The proper method of obtaining 
correct exposure will be described later in this chapter. 


Even Illumination 


A photoelectric exposure meter is of value to check the 
evenness of illumination. This is done by placing a white 
card in front of the subject and scanning it with the meter. 
Care should be taken that the shadow of the meter does not 
fall on the card, nor should the meter be held so that it picks 
up reflections from the card. If the four corners of the card 
read the same amount of illumination, the evenness of the 
illumination is satisfactory. 

Uniformity in the illumination of material to be copied is 
most readily accomplished by placing identical lamps in the 
same relative positions on two opposite sides of the copy 
board. 
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For material to be copied with a camera fitted with a lens 
having a short focal length, it is recommended that the copy 
lamps be placed so that the light from them strikes the copy 
board at an angle of 45 degrees. (See (A), fig. 15-3.) For 
copying material with a camera fitted with a long focus lens, 
the angle of illumination can be reduced. (See (B), fig. 
15-3.) The 45-degree angle of illumination is recommended 
for general use; narrow-angle lighting is recommended for 
use with copy having highly troublesome reflections. 
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Figure 15~-3.—Standard and narrow-angle lighting setup. 


Reflection Control 


One of two conditions generally cause reflections in copy 
work. They are separate and distinct conditions, easily 
recognizable. 

REFLECTIONS OF LIGHT SOURCE. —This type of reflection 
is caused by the light source reflecting from the camera 
stand, lens board, or any shiny object around the copying 
setup. These reflections usually occur when copying glass- 
framed paintings, glossy photographs, and other smooth 
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surface objects. They usually appear as images, more or 
or less sharp, of the offending object. 

The easiest way to eliminate this type of reflection, if 
changing the position of the lights does not help, is to use a 
black cloth, or a sheet of building board painted dull black, 
as a shield between the lens and the subject. By cutting a 
hole in the center of the board the size of the lens and placing 
the board over the lens, this type of reflection will usually 
be eliminated. Also, use of a sunshade is always desirable 
to aid in eliminating stray light rays and reflections. 

REFLECTION OVER THF ENTIRE SURFACE OF THE COPY.— 
This type of reflection occurs with rough, scratched, crumpled 
paper prints, paintings with strong brush marks, canvas tex- 
ture or cracks, etc. Reflections occur because each hizh 
spot in the surface of the print will cause a small specular 
reflection of the light source. All these small reflections will 
cover the surface of the copy with a haze of light which will 
destroy contrast and result in a flat, muddy image. 

Reflections of this type are more difficult to avoid. Due 
to the roughness of the surface, reflections will occur no 
matter where the lights are placed as long as they are allowed 
to shine directly on the surface of the copy. There are two 
methods whereby this type of reflection may be eliminated, 
or subdued, to a reasonable degree. 

One method is the use of bounce lighting. If the ceiling 
of the copy room is low enough, direct two lamps upward so 
that the light bounces off the ceiling, directing a soft diffused 
light onto the original. If the ceiling is too high, it may be 
possible to use a large white screen positioned horizontally 
over the lights to reflect light to the copy. (See fig. 15-4.) 

Another method is to use polarized light. A polarizing 
filter over the lens alone makes little, if any, improvement 
because the lens axis is at right angles to the subject’s surface. 
By using the polarized hght system, just about any reflec- 
tion can be eliminated. In this system, place over each lamp 
a polarizing screen, and place over the lens a polaroid filter. 
Then, by rotating the filter, eliminate all the reflections. 
Or, if the occasion demands, by rotating the filter, the surface 
reflection brightness can actually be increased over normal. 
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Figure 15-—4.—Using bounce light to control reflections. 


Suitable polarizing equipment for copy work includes the 
Eastman Kodak Type II-B Pola-Screen for lamps; an East- 
man Kodak Type I or IA Pola-Screen; or an Eastman Kodak 
Polaroid Filter over the lens. With such a setup, getting 
the lights at the proper angle is no longer a problem. 
(See fig. 15-5.) 


FILM FOR COPYING 


Many types of film are made, and all, with the possible 
exception of the ultraspeed type, are suitable for copying. 
However, due to their inherent contrast characteristics, 
some are more useful for copying line subjects, others for 
continuous-tone work. 


Types and Characteristics 


The various types of film suitable for general copy work 
are described in the following paragraphs. 

NON-COLOR SENSITIVE (COLORBLIND).-—These films have a 
basic sensitivity to ultraviolet, violet, and blue hght. Such 
a film registers BLUES as being LIGHT IN COLOR, ALL other 
colors as being DARK. These colorblind films are used espe- 
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Figure 15-5.—Subduing reflections with pola-sereens. 


cially for copying black-and-white originals. Non-color sensi- 
tized emulsions are not sensitive to red and yellow, therefore, 
can be safely handled under a bright red safelight. Various 
types available are: 

1. Photomechanical Regular. 

2. Kodalith Regular. 

3. Reprolith Regular. 

4. Process Regular. 

5. Commercial. 

OrTHOCHROMATIC.-—These films are sensitive to green 
light as well as blue and ultraviolet. Orthochromatic emul- 
sions register GREEN and BLUE &aS LIGHT, RED aS DARK. Be- 
cause they are not sensitive to red, these films may be safely 
handled under a deep red safelight. Various types avail- 
able are: 
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. Photomechanical Ortho. 
. Kodalith Ortho. 

. Reprolith Ortho. 

. Process Ortho. 

. Commercial Ortho. 

. High-speed Ortho. 

. Super-sensitive Ortho. 

Pancuromatic.—These films are sensitive to the full range 
of colors to which the human eye is sensitive. Panchromatic 
emulsions are less sensitive to green than to other colors. 
Although it 1s best to handle this type film in total darkness, 
it can be viewed for short periods of time under a dark 
green safelight. With the exception of the photomechanical 
and process type of panchromatic film, all other types are 
divided into two groups—type B, which has a low sensitivity 
to red; and type C, which has higher sensitivity to red than 
the human eye and reproduces red in lighter tones. - The 
various types available are: 


NO OF if GW NO = 


Type B Pan. Type C Pan. 
1. Photomechanical Pan__. Commercial Pan_. Tri-X Pan. 
2. Kodaline Pan-__._.----- Plus-X___...---- Tri-S Pan. 
3. Reprolith Pan_______-_-- Panatomic-X___. Super-Pan-Press. 
4. Process Pan__.._._----- Super-X X___---- 
OD) seeee esses ene seeewee Super-Pan-Press _ . 


Films are further divided into two groups. SHORT SCALE 
film records scene brightness range without tonal distortion | 
from white to black in a range from 1 to 5. All photo- 
mechanical and process type films fall into this category. 
Lone scat.e film records scene brightness range without tonal 
distortion from white to black in a range from 1 to 128. All 
commercial and panchromatic, with the exception of process 
pan, are in this category. 


Selecting the Proper Film for Copy Work 


The proper selection of film to match the type of original 
being copied will determine the success or failure of a copy. 
Using the wrong type of film will result in a contrasty, or 
flat copy, if used with the wrong type of original. 
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The things to be considered when choosing film are: 

1. Contrast of the film. 

2. Color sensitivity of the film. 

a. Colorblind, sensitive only to blue (400 to 500 mu). 

b. Orthochromatic, sensitive to blue and green, plus 
yellow, (400 to 600 mu). 

c. Pan, type B, sensitive to all colors, high in green. 

d. Pan, type C, sensitive to all colors, high in red. 

3. The color of the item to be copied will determine the 

type of film to be used. 

4. The contrast of the copy will determine the scale of the 

film to be used. 

LINE ORIGINALS.—The best negative material for the 
copying of line originals is process or photomechanical film, 
in either colorblind or panchromatic emulsions. These 
emulsions give high contrast and are capable of development 
to an extremely high density with an absence of fog, which 
insures the perfect transparency of black lines on the nega- 
tive. Goop line negatives can be printed on any grade of 
paper. 

COLORED LINE ORIGINALS.—In copying colored line origi- 
nals, the problem is to secure greatest contrast between the 
subject and the background. This is usually accomplished 
by means of high-contrast panchromatic film and a filter. 
If the subject is to be rendered LIGHT against a DARK back- 
ground, the filter should transmit the color of the subject 
and absorb the color of the background. However, if the 
subject is to be rendered DARK against a LIGHT background, 
the filter should absorb the color of the subject and transmit 
the color of the background. 

CONTINUOUS-TONE ORIGINALS.——To reproduce in the copy 
the tone gradation of the original, success is chiefly based on 
correct exposure and development, but the choice of the 
sensitized material will influence the result. The use of a 
medium-speed emulsion, such as commercial films or portrait 
films, is recommended. For copying originals in color, 
panchromatic emulsions with suitable filters are indicated. 
The common fault in continuous-tone copying is under- 
exposure and the use of a strong developer. Full exposure 
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with restrained development is the golden rule in this class 
of work. 

COMBINED LINE AND CONTINUOUS-TONE ORIGINALS. — 
Lettering or other line material must sometimes be repro- 
duced in combination with a continuous-tone subject, such as 
photographs, mounted file prints, official reports, ete. When- 
ever possible, separate negatives of the two subjects should 
be made and combined in making the prints in order to 
assure best rendering of both subjects. 

If it is necessary to copy both subjects on one film, some 
loss of quality is inevitable. The most suitable negative 
material is a commercial-type film. 

The best results will be obtained by copying the continu- 
ous-tone part of the original on suitable film, and copying 
the line portion on process-type film. Cut and eliminate the 
undesired portion of the process negative and combine the 
two negatives with tape for printing. 

COPYING COLORED ORIGINALS.—The bulk of material to be 
copied will consist of colored originals containing halftones 
where it is desirable to maintain proper color rendering. 
These originals may be in the form of oil paintings, water 
colors, pastels, wash drawings, crayon sketches, and maga- 
zine and book illustrations. All may be reproduced satis- 
factorily with a type B panchromatic, long scale film. An 
X1 filter may or may not be used, depending upon the 
photographer’s preference. 

In addition to copying the above mentioned types of 
colored originals, the photographer will be called upon to 
copy maps, charts, blueprints, and other forms of line color 
work. Sometimes the copy should have true color rendering, 
but often it will be necessary to employ filters to bring out, 
or subdue, certain colors. It is not difficult if the elementary 
principles of hght and filters are understood. When correct 
color rendering is desired, the problem is relatively simple. 
The required technique calls for panchromatic film developed 
toanormal contrast. If an altered color rendering is wanted, 
process panchromatic is the best film to use in most instances, 
but a deep-colored or contrast filter will be necessary. 

The copying of blueprints is an excellent example of the 
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technique to be employed in cases of this kind. A blueprint 
consists of white lines on a blue background. An ordinary 
copy negative will show white lines on a medium gray back- 
ground, which may be correct color rendering, but makes it 
hard to interpret the reproduction. A reproduction with 
white lines on a dark gray or black background will be much 
more legible as well as more attractive. This result may be 
obtained by the use of process panchromatic film and a red 
filter, which will absorb most of the blue light. Care should 
be taken not to overexpose the film in order to obtain the 
maximum effect from the filter. Overexposure will, to some 
extent, neutralize the filter. 


FILTERS FOR COPY 


A filter is a transparent colored medium interposed be- 
tween the subject and the film in the path of the light rays 
reflected from the subject. A filter, if large enough, may be 
used directly over the light source. 

The function of a filter is to either screen completely from 
the film one or more colored groups of light rays or to weaken 
the intensity of certain light rays, or to do both. 

There are two types of filters commonly used in black- 
and-white photography, and their use is the same in copy 
work. They are contTRast filters and coRRECTION filters. 

ContTRAST FILTERS.—These filters are used to either lighten 
or darken certain colors in the subject for the purpose of 
introducing a brightness difference between two colors which 
would otherwise photograph as nearly the same tones of 
gray. 

Contrast filters are used to: 

1. Eliminate a colored line from a line drawing. 

2. Make colored lines more prominent. 

3. Eliminate transparent colored stains from photographs. 

To eliminate a colored line from a line original, that 
line must be matched to the background by exposure of the 
film. If the background is white, the filter used must trans- 
mit the color of the line. If the background is black, the 
filter used must absorb the color of the line. To eliminate 
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a colored transparent stain from a black-and-white photo- 
graph, the filter used must transmit the color of the stain. 

In other words, 8 color, when transmitted by a filter, is 
lightened on the finished print. If it is absorbed by a filter, 
the color is darkened on the finished print. 

Some films will not record certain colors. Due to this, the 
film used must be sensitive to the color of light transmitted 
by the filter. 

Table 15-1 lists the contrast filters and the colors they 
transmit and absorb. The filters marked with an asterisk (*) 
are called the sharper cutting filters. These filters transmit 
less of the visible spectrum than do other filters of the same 
color. 


Table 15-1.—Contrast Filters. 


Name Color Transmits (lightens) Absorbs (darkens) 
1, eee ee Red sevcagusssz Redes oc csvetv Blue and green. 
al eats Arete Red. 22505-6522 Reqs ostess.c3 5 Blue and green. 
Ben2cassn2 Green____.___-- Green________-- Blue and red. 
¥N__.___-- Green_______.-- Green________-- Blue and red. 
6); Sees Blue_.__._------ Blu@scccca5. eo Green and red. 
C4. cose Blue en ers BlU@s2c2252 262 Green and red. 


When it is desired to make a color as dark as possible, use 
the sharper cutting filters. 

CORRECTION FILTERS.—Correction filters are used to alter 
the response of the film so that all colors are recorded at the 
brightness values seen by the human eye. This true rendering 
of colors in shades of black and white is called orTHOCHRO- 
MATIC rendition. For correct orthochromatic rendition with 
panchromatic films of types B and C, the following filters 
and film combinations should be used: 

1. K2 filter with type B film in daylight. 

2. X1 filter with type B film in tungsten light. 

3. X1 filter with type C film in daylight. 

4. X2 filter with tvpe C film in tungsten light. 

The correction filters are light in their apparent color. 
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They transmit some of all light colors. The apparent color 
of the K filters, such as K1, K2, and K3, is yellow. The 
apparent color of the X filters, such as X1, X2, and X3, 
is green. 


DETERMINING EXPOSURE 


Factors Controlling Exposure 


As in all types of photography, there are various factors 
which control exposure. It is necessary to consider the nature 
of the original copy, its color and brightness, the intensity 
of the light source, the sensitivity of the film used, the size 
of the lens aperture, and one other factor particular to copy 
work, the object-to-image ratio of the copy. 

CoLOR AND BRIGHTNESS OF THE ORIGINAL.—Where the 
original is illuminated by reflected light, as occurs in the 
majority of copy work, the color and reflectance quality of 
the original must be considered in computing the exposure. 

For bright objects, for which the reflectance is high, more 
light will be produced at the camera lens from a given source 
of illumination than for those cases in which the original is 
dark and the reflectance is small. 

In considering the reflectance of light from an original, 
not only the reflectance factor but the color of the original 
has to be taken into consideration. A white object photo- 
graphed with white light will reflect much of the light into 
the lens, and the required exposure will be relatively short. 
On the other hand, a colored object will reflect that part of 
the white light corresponding to the color of the object and 
will absorb, more or less, colors of other portions of the 
spectrum. For objects having the same apparent brightness 
or reflection, the photographic effect will be greatest for those 
colors to which the photographic material is most sensitive— 
in most cases, the blue end of the spectrum. This will hold 
true with colorblind film. For panchromatic materials 
which are sensitive to all visible colors, the visual brightness 
of the object may be taken, for practical purposes, as an 
indication of the photographic effect. 

LIGHT INTENSITY.—The color and intensity of the light 
source must be considered in determining exposure. A white 
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object illuminated by a blue light can only reflect blue light 
to the film. The required exposure may be less than that 
for a white light source of equal energy and a white object. 
A blue object photographed by a blue light may produce 
approximately the same photographic effect as the white 
object illuminated by blue light of equal energy, because in 
each case the amount of blue light reflected is approximately 
the same. 

The intensity of the illumination governs to a great extent 
the amount of exposure needed to produce a satisfactory 
negative. The more intense the light by which an object is 
photographed, the greater will be the exposure and the 
resulting density, all other factors remaining unchanged. 

Fitter Fractor.—If a filter is being used, its factor must 
be included when computing the exposure. The filter factors 
for any given film and light source are available in the Photo- 
Lab-Indez; the use of these factors was described in chapter 
12 of this training course. Filter factors are used in copy 
work the same way as they are used in general photography. 
For instance, an F filter used with Super-XX sheet film under 
tungsten light has a filter factor of 8. When this filter and 
film combination is used, the basic exposure must be in- 
creased 8 times to obtain the correct exposure on the film. 

FILM SENSITIVITY AND SPEED.—The color sensitivity and 
speed of the film being used will also have to be considered 
when determining exposure. The color sensitivity of the 
film has an important bearing on the exposure. Panchro- 
matic materials are sensitive to all visible light, but have 
maximum sensitivity to blue light and decreasing sensitivity 
throughout the rest of the visible spectrum. Orthochromatic 
materials, which are insensitive to the red portions of the 
visible spectrum, require longer exposures in yellow or 
orange light than panchromatic materials having the same 
daylight speed. Colorblind materials are sensitive only to 
the blue region of the visible spectrum, so that it may be 
quite impossible with these materials to make photographs 
with red or orange light, no matter how long the exposure is 
made. 

The speed of negative materials is an important factor in 
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determining exposure. Various methods of determining the 
speed of photographic materials are in use; these were 
described in chapter 5, ‘Negative Materials.” As most 
Navy film is marked with the ASA exposure index, learn this 
system and always use it. Then when changing from one 
type of film to another, no difficulty in computing the ex- 
posure for the new type of film will be encountered. 

BELLOWS EXTENSION.—Bellows extension is another ex- 
posure factor to consider. As the distance between the 
camera and the subject becomes less, the distance between 
the lens and the focal plane becomes greater. Since the 
f/stops marked on the lens are calibrated with the camera 
focused at infinity, as the focal distance increases, the actual 
f/value decreases and the exposure must be increased to 
compensate for this. To find the effective f/value of a lens 
set at a given f/stop, the following formula is used: 


Lens-to-film distance < Indicated f/value _peoctive tivalus: 

Focal length 

Example; An 8-inch lens is racked out 4 inches from the 

infinity setting (12 inches from the film) and set at f/11. 
What would the effective f/value be? 
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Therefore, the effective f/value would be f/16.5. 

DIAPHRAGM SETTING.—The chief advantage gained by 
stopping down any lens is to increase the depth of field. In 
copying, where all the material is on practically one plane, 
there is no need to produce a great depth of field. There- 
fore, the best thing to do is to use the lens at its critical aper- 
ture, as was described earlier in this chapter. 

DrveEtopinc.—Developing plays an important part in 
producing a negative of good quality. In developing the 
various emulsions used for copying, it is best to use the 
specific formulas recommended by the film manufacturer for 
the desired results. : 
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Subject-lmage Ratio 


Another method used to find the final correct exposure, 
allowing for bellows extension, is by using the subject-image 
ratio formula. When a copy of any object is made with a 
lens, the size of the copy, compared with the original, depends 
on the focal length of the lens and the distance between the 
original and the camera. The greater the focal length, the 
larger the copy. A 10-inch lens will produce a copy twice the 
size of that made with a 5-inch lens, the original being at the 
same distance from the lens in each case. The farther an 
object is from the camera, the smaller the copy. However, 
in this case, the size is not directly proportional (inversely) to 
the distance. Thus, an original 10 x 12, copied so that the 
long side becomes 4 inches, undergoes linear reduction to 
one-third (12+4= 3). The number obtained by dividing 
any length in the original by its length in the copy is the 
reduction figure (ratio). 


When speaking of reduction of size in copying, linear 
reduction is always meant unless the contrary is stated. 
REPRODUCTION RATIO Is defined as any linear distance on the 
image divided by the corresponding distance on the original. 
Reproduction ratio refers to either reduction or enlargement, 
whichever is applicable at the time. The formula used is: 


Image size 


Object size panels 


In copy work, scaLeE is the measurement of the reproduc- 
tion as compared with the corresponding measurement of the 
original. A scale of 1:1 means the scale of reproduction is 
equal to the scale of the original. A scale of 1:2 means that 
the scale of the reproduction is one-half the scale of the 
original. A scale of 2:1 means that the scale of the repro- 
duction 1s two times the scale of the original. 

The formula used to compensate for bellows extension 
when the interval of exposure instead of the f/stop is to be 
changed is as follows: 


(Ratio+ 1)? Indicated exposure= New exposure 
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Example: A copy is to be made of a 4 x 5 inch print to an 
8 x 10 inch image size (2: 1 ratio) with an indicated exposure 
of 1 second. 


(2+1)?*1=9X1=9 seconds, or the new exposure 


Trial Exposure 


Exposure is best determined by developing a trial film 
which has been given a series of exposures—similar to the 
graded test strip frequently made for enlarging. Such a film 
shows the proper time and aperture for a given lighting setup; 
and as long as conditions and material are unchanged, no 
further trials are necessary. This applies to all line work, 
whether black on white, or white on black. While the total 
amount of hight reflected is widely different, the tones to be 
recorded (namely black and white) are the same in both cases. 
To make the test exposure, after the lights and camera have 
been adjusted, estimate the exposure required. For example, 
this might be 8 seconds at f/11. Write down the exposure 
times which are 4, %, 1, 2, and 4 times the estimate. For an 
estimate of 8 seconds, these times would be 2, 4, 8, 16, and 
32 seconds. Make the exposure series on a single film as 
follows: . 
1. With darkslide withdrawn from film holder, expose 2 
seconds for total of 2. 

2. With darkslide covering one-fifth of film, expose 2 
seconds for total of 4. 

3. With darkslide covering two-fifths of film, expose 4 
seconds for total of 8. 

4. With darkslide covering three-fifths of film, expose 8 
seconds for total of 16. 

5. With darkslide covering four-fifths of film, expose 16 
seconds for total of 32. 

Note that each successive time equals the total of the times 
already given. 


Measuring Light Intensity 


When measuring light intensity with a photographic 
exposure meter, some consideration must be given to the 


654 


“type of subject being photographed. The meter reads the 
average brightness of the subject, but it may not always be 
this average brightness that determines the proper exposure. 
For instance, printed matter or a line drawing which is pre- 
dominantly white gives a high meter reading. On the other 
hand, white printing against black (a negative photostat, 
for example) gives a rather low meter reading, vet to be 
properly exposed these two originals should be given the 
Same exposure. For such work it is recommended that 
readings be taken on a WHITE card placed over the material 
to be copied, and use the white-card meter settings as given 
in the film data sheets, or the film data section of the Photo- 
Lab-Index. If these white-card meter settings are not 
available, they can be approximated by dividing by 5 the 
tungsten film speed rating and setting that number on the 
exposure meter dial. 

Another method used to obtain proper exposure with a 
meter consists in placing over the material a NEUTRAL GRAY 
card and reading the exposure for this card, using the NoRMAL 
arrow of the meter and the regular film speed rating. As no 
two people agree on what is precisely a neutral gray card, 
however, always use the same gray card, compensating in 
your trial exposures until the proper exposure can be obtained 
with its use each time. 


PROCESSING COPY NEGATIVES 


Normal processing methods are used to produce copy 
negatives. There are only two general rules to follow: (1) 
Develop line copy negatives to the highest possible contrast; 
and (2) develop continuous-tone negatives to slightly less 
than normal contrast so that they resemble good negatives 
of outdoor subjects. 


Types of Developers 


There are various tvpes of developers which are satisfactory 
for copy work. For a complete listing, refer to the Photo- 
Lab-Inder. <A few of each type are hsted here for reference. 
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Developers for Photomechanical Film (Kodalith, Repro- 
lith): 
1. Ansco 79 
2. Ansco 81 
3. Kodak D-8 
4. Kodak D-85 
Developers for Process and Commercial Film for high 
contrast: 
1. Ansco 70 
2. Ansco 90 
3. Kodak D-8 
4. Kodak D-11 
Developers for Commercial film for normal contrast: 
1. Ansco 61 
2. Kodak DK-50 
3. Kodak DK-60A | 
Developers for Panchromatic films: 
1. Ansco 17 
2. Ansco 47 
3. Kodak D-76 
4. Kodak DK-60A 
The formulas for compounding these developers can be 
found in the Photo-Lab-Indez, to be found in every Naval 
Photographic Laboratory. For constant and uniform re- 
sults, be sure to follow the time and temperature charts 
that accompany the formulas in the Photo-Lab-Indez. 
Only in this way can the fullest benefit of the film and devel- 
oper used be derived. Uniform negatives will result, which 
will make the printing of copy negatives easier. 


FINISHING AND PRINTING 


After development, the copy negative is fixed, washed, 
and dried in the normal manner, as described in chapter 7 
of this course. Before the negative is ready to be printed, 
any defects, such as PINHOLES, unwanted material, etc., 
should be eliminated. 

Spotting 

Ordinarily, spotting refers to the practice of eliminating 

pinholes in the emulsion. If these pinholes were not removed, 
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they would appear as black blotches in a print. However, 
the term spotting also includes the elimination of dust marks, 
lint, small hairs, and scratches, which, in spite of the best 
care, often appear in negatives. 

The materials used for spotting negatives are as follows: 

1. Mapping pen—a very fine pen point (No. 102 preferred) 

in holder. 

2. Fine-pointed artist’s sable brush 

3. Webster’s 1A red dye. 

4. Opaque, spotting colors, or any of the light-resistant 

compounds made for the purpose. 

For spotting pinholes, the mapping pen and Webster 1A 

| wed dye are very satisfactory. Since the pen point is very 
sharp, it has a tendency to pick up minute pieces of gelatin 
from the film, but with proper care in keeping the point 
clean, excellent work can be quickly accomplished. 

For those who prefer using a fine-pointed brush with the 
opaque materials, the work of spotting is more difficult, 
due to the flexibility of the brush. Another objection to 
the brush is that the opaque on the fine point often dries 
between the time the brush is dipped in the opaque material 
and the time it is applied to the negative. 

TECHNIQUE OF SPOTTING.—Place the negative on a well- 
illuminated surface, emulsion side down. A printer or plot- 
ting table may be used. Dip the mapping pen in the dye, or 
the brush in the opaque, and lightly touch the spot on THE 
BACK of the negative. If this operation is carefully per- 
formed, the dye or opaque can be confined to the spot with- 
out spreading over the surrounding area. If the pinhole is 
spotted with the dve or opaque on the emulsion side of the 
negative, the dye or opaque will be drawn by capillary at- 
traction toward the edges of the hole, leaving the pinhole 
still uncovered. Scratches and dust marks are treated in 
the same manner. 

The objective in spotting is to make the area spotted light 
resistant; thus, instead of appearing as a black mark on the 
print, the spot is white. With a black-and-white line draw- 
ing, which has a white background, it will blend. If the area 
around the spot is other than white, it will have to be touched 


657 


up with spotting colors. However, this is an easier operation 
than etching off the black mark that would result if the 
spot had not been spotted with opaque. 


Opaquing 

Opaquing or BLOCKING & negative means the elimination 
of some part of the image, such as an objectional background, 
by covering the undesirable portion with an opaque com- 
pound. When such a procedure is used, the blocked out 
portion appears as white in the print. 

The technique used is the same as in spotting, except 
that a larger brush or a cotton stump may be used. A cotton 
stump is a small tuft of cotton wound onto the end of a 
small, rounded, wooden stick. Opaquing may be performed 
on either side of the negative. Proper care must be exer- 
cised to avoid possible scratching of the emulsion. 

Opaque materials are composed basically of a dry pigment, 
which is diluted with water for use. If a mistake is made 
while opaquing, rewashing the negative will remove all the 
opaque, and the work can be repeated. Be careful not to 
bend the negative too much after the opaque is dried, as the 
opaque has a tendency to flake and crack, and might fall off. 


Printing 

The process of contact and projection printing was fully 
described in chapter 9 of this course. The printing of copy 
negatives described below is accomplished in the same 
manner as described in chapter 9. 

PAPER SELECTION.—In selecting the paper for printing 
copy negatives, the correct grade should be used, so that a 
normal contrast, high quality print is produced. When 
printing line copies, a paper of a higher grade than normal 
sometimes is a help, as it will tend to hold back the back- 
_ ground and keep it from printing through. 

Quite often in copy work, AD-TYPE prints are called for. 
This is a very thin contact paper, suitable for folding without 
cracking the emulsion. When processing this type of paper, 
do not let it soak in the solutions or the wash water for too 
long an interval, as it is likely to get too soft and fall apart. 
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When drying Ad-type paper, do not use a drying temperature 
that is too hot, as it will tend to burn. 

Borpers.—Even and uniform borders are the mark of a 
high quality print, and shows that the photographer took . 
pains in his work. Be sure that the printing mask is cut to 
~the right size and even, and that the borders are uniform on 
all four sides of the print. 


PROBLEMS IN COPYING 


There are various problems encountered in copy work, 
- most of which fall under lighting of the original itself. The 
biggest problem in lighting is reflections, which have already 
been discussed in this chapter. 

Problems encountered with the original are usually thin 
paper, paper with writing or typing on both sides, soiled 
prints, old and faded prints, and prints with colored stains 
or spots. 

THIN PAPER.—When copying originals that are printed on 
thin paper on only one side, the best thing to do is place 
white paper behind the original. This will increase the 
reflective ability of the original and insure greater contrast. 
The contrast on typed material will be improved if, when 
material is being prepared for reproduction purposes, the 
tvpist places a fresh carbon over the material, and a reversed 
carbon behind it. 

TYPING ON BOTH SIDES OF THE ORIGINAL.—lf the original 
to be copied is printed on both sides, it should be backed up 
with black paper or a black card. This will keep the lines or 
lettering on the back from showing through. 

SOILED PRINTS. These prints can often be cleaned by 
careful use of a soft eraser, or by swabbing with cotton 
dampened by a mixture of half water and half denatured 
alcohol. Before being cleaned, the print should be ex- 
amined carefully for any evidence of pencil work, spotting, 
or retouching, which would be removed by the cleaning. 
The cleaning treatment should first be tried on a small area 
at one corner of the print. 

OLD PHOTOGRAPHS.—Before attempting any cleaning or 
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other preparation of an old photograph, which probably 
cannot be replaced, the photographer should make the best 
possible negative. It may be possible to prepare an accept- 
able print from this first copy negative, if the original should 
be damaged during the cleaning operation. 

Sometimes the old photograph is so badly damaged that 
cleaning will do no good. The best thing to do then is to 
make the best possible copy and build up the resulting print 
with spotting medium, or airbrush, and finally recopy the 
retouched print. 

FapDED pRINTS.—The biggest problem with faded prints is 
that they usually have yellowed images of low contrast. 

Moderately faded prints with fair detail in the highlights 
and shadows should be copied on non-color sensitive (color- 
blind) film, such as commercial. Good results can also be 
obtained on an orthochromatic film, such as commercial 
ortho, through a blue filter. 

Prints badly faded throughout shadows and highlights are 
best copied on commercial film, developed by inspection to 
the desired contrast in a high-contrast developer. 

PRINTS WITH COLORED STAINS OR SPOTS.—Stained originals 
may be copied so that the stain is minimized or completely 
removed by the use of a filter the same color as the stain, or 
preferably, a filter a little darker than the stain. For yellow 
stains the G filter will give good results, but if the stains are 
brown, a red filter may be more satisfactory. It is prac- 
tically impossible to make brown stains completely invisible, 
but usually they can be lightened to a considerable extent. 


COPYRIGHT REGULATIONS 


The definition of copyriGHT is: The exclusive right to re- 
produce, publish, and sell the matter and form of a literary 
or artistic work. The photographer is prohibited, under 
penalty of fine or imprisonment, to reproduce any copy- 
righted material without the permission of the owner of the 
copyright. 

PHOTOCOPYING REGULATIONS.—In addition to the above, 
the following may not be copied photographically: 
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. Adjusted compensation certificates for veterans of the 
World Wars. 
. Amateur radio operator’s licenses. 
Certificates of citizenship or naturalization. 
Certificates of war necessity. 
. Immigration papers. 
Automobile licenses, driver’s licenses, automobile titles 
(in certain States). 
7. Licenses issued to marine (maritime) officers. 
8. Passports. 
9. Selective service registration certificates. 

10. Obligations or securities of the United States Govern- 
ment, including bonds; certificates of indebtedness; national 
bank currency; coupons; United States notes; treasury notes; 
gold certificates; fractional notes; certificates of deposit; 
bills, checks, or drafts for money, drawn by or upon author- 
ized officers of the United States; stamps and other repre- 
sentatives of value; coins or money, in any form. 
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SPECIAL APPLICATIONS IN COPYING 
Infrared 


As an aid in deciphering old, charred, or censored docu- 
ments or books, infrared photography is frequently employed. 
Infrared-sensitive films, ordinary tungsten lamps or photo- 
flood lamps, and a Wratten A filter (red) are required for 
taking pictures by infrared light. Since tungsten or photo- 
flood lamps are high in infrared radiation, no special equip- 
ment is needed for this type of work. 


Infrared film is somewhat sensitive to blue and violet 
light, so the red filter is used to eliminate the blue sensitivity 
of the film. For more difficult work, a filter which eliminates 
all visible light, such as the Wratten No. 87, may be used 
with increased exposure. 


For the high contrast required in this type of work, infrared 
film should be developed in a high-contrast developer, such 
as Kodak D-19. 
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Ultraviolet 


By the use of ultraviolet light, chemically erased or badly 
faded writing and restorations in works of art may be 
detected. 

The procedure will vary according to the type of copy, as 
some materials will reflect ultraviolet light more strongly 
than others. Materials with strong reflective ability may 
be copied simply by photographing the ultraviolet light re- 
flected from the copy. This is done in the dark, with the 
copy illuminated with a source of ultraviolet light, such as 
the G-E Uviarc, in a light-tight box, screened with a Corning 
glass filter No. 586, 10mm thick. 

Some types of inks or pigments fluoresce or glow in the 
dark when illuminated by ultraviolet light. To photograph 
this fluorescence, which is much weaker than the reflected 
ultraviolet light, it is necessary to cut off all ultraviolet light 
by placing a Wratten 2-A filter over the lens. Copying is 
done in total darkness with the screened ultraviolet source 
mentioned above, and exposures will be very long. It is 
essential to use the Corning filter mentioned, when fluores- 
cence is to be photographed as some ultraviolet lamps with 
built-in filters pass sufficient visible light to obliterate the 
faint fluorescence from the document. 

The exposure between the two types of use for ultraviolet 
light varies a great deal. With the reflected ultraviolet light 
method, a typical exposure on Process Ortho film will be less 
than a minute at f/16. With the fluorescence glow method, 
a typical exposure will be as long as one hour on Portrait Pan 
film at f/4.5. 


Halftone Screen Negatives 


A continuous-tone black-and-white photograph cannot be 
reproduced on a printing press unless a special technique is 
employed. The reason for this is simple. Black ink cannot 
print in shades of gray. The process by which continuous- 
tone subjects are reproduced in tones corresponding to the 
original is called photolithography and offset printing. This 
method necessitates the use of a halftone screen. A greatly 
enlarged section of one is shown in figure 15-6. 
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Figure 15-6.—Halftone screen, greatly enlarged. 


A halftone screen is made by ruling or etching a series of 
straight lines on a plate of high quality optical glass.) The 
grooves are filled with an opaque pigment, then two such 
plates are cemented together, face to face, with the rulings 
at right angles. This screen is placed in front of the film so 
that the light reflected from the subject must pass through 
it to reach the focal plane. The image, therefore, is com- 
posed of a pattern of dots of uniform density but varying in 
size. Light reflected from a subject point passes through 
the screen and produces a dot. The size of the dot formed 
under each halftone screen opening is directly dependent on 
the amount of light reaching it from the corresponding area 
of the original. Therefore, highlight areas produce larger 
dots on the negative than shadow areas. 

Two characteristics of process film must now be considered 
in order to understand why the dots vary in size. One is the 
threshold exposure—the minimum exposure required to 
produce a latent image. The other is the high inherent 
contrast of the film, which enables any exposure above the 
threshold exposure to produce a heavy density. It will then 
be seen that, if a part of the subject is dark, it will produce a 
small dot on the negative, or no dot at all. On the other 
hand, if a part of the subject is light, the same exposure time 
will yield a dot proportional to the amount of light reflected. 

To insure having some detail in the shadow area, many 
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process photographers follow the practice of making a pre- 
liminary, or ‘‘flash,’’ exposure. The entire film is subjected 
to an overall exposure by reflecting light from a white card 
on the copy board or by shining light directly into the lens. 
This serves to project a dot pattern over the entire film. 
The regular exposure of the subject to be copied is then made 
in the usual manner. Consequently, those shadow areas 
which do not reflect much light will contain a sufficient num- 
ber of dots to allow them to print satisfactorily. 

When a negative is produced in this manner and converted 
into a positive, the highlight area is composed of a pattern 
of very small black dots separated by large white spaces. 
The tones, ranging from highlights to shadows, are repre- 
sented by larger dots with less and less white space between 
them. It is this variation of dot size, in relation to the sepa- 
ration between them, which creates an illusion of shades of 
gray. 

The size of the apertures, or holes, in a halftone screen 
varies with the purpose for which it is to be used. The 
fineness of the mesh is designated by the number of lines per 
inch. A screen having from 100 to 150 lines per inch is con- 
sidered more or less standard and will produce a satisfactory 
amount of detail and tonal scale for average purposes. 

A fine screen will produce small dots closely spaced and, 
therefore, should be used only when the reproduction is to be 
printed on a hard glossy-surfaced paper. If a soft matte 
paper were used, the ink from each dot would spread, causing 
a blending of dots, with resulting loss of detail and tonal 
differences. Since newsprint is a soft rough paper, illustra- 
tions to be reproduced in newspapers are usually copied 
through a relatively coarse screen of 55 lines to insure the 
dots being spaced far enough apart to prevent them from 
blending. The dot structure of a newspaper illustration can 
be readily seen with the naked eye. Many high grade maga- 
zines and publications use paper of such fine quality and 
hard glossy surface that they are able to make reproductions 
through screens as fine as 400 lines per inch. In these cases, 
the dot structure is bevond the resolving power of the human 
eve and can be detected only when greatly magnified. 
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In most halftone screens the distance between the lines is 
equal to their width. Therefore, if a screen has 100 lines to 
an inch, it will have 100 clear spaces, each of which is %o9 inch 
wide. 

In order to obtain proper results with a halftone screen, 
there must be a definite relationship between the distance of 
the screen from the film and the screen openings. For the 
average screens of 100 to 150 lines, the ideal ratio is 64 to 1. 
In other words, the distance from the screen to the film should 
be 64 times the size of the screen openings. With a screen 
having an aperture or opening oo inch wide, the distance the 
screen should be placed from the film is %oo X 64 or approxi- 
mately \{ of an inch. 

There must also be this same ratio of 64 to 1 between the 
camera bellows extension and the lens aperture. In the case 
of a copy at a scale of 1:1, where the bellows extension is 
equal to 2 focal lengths, the exposure should be made at an 
aperture of {/32 (64 divided by 2). The screen-to-film dis- 
tance, once established, does not change. However, if 
bellows extension must be varied for copies of different scale, 
then a new f/stop must be calculated to maintain the proper 
64 to l ratio. For example, if you increase bellows extension 
to 3 focal lengths to make a 2:1 enlargement, you must open 
the lens aperture to f/22 (64 divided by 3) to maintain the 
correct ratio. 

A fine-line halftone screen is very expensive, due to the 
high quality of the glass and the precision necessary to 
properly: etch the lines. The screen should be kept in its 
case at all times when not actually in use. Handle the screen 
as you would a fine lens; if it is necessary to clean it, use lens 
tissue or a very soft cloth. Handle it by the edges to pre- 
vent fingerprints. Do not allow it to become wet, as mois- 
ture may seep between the glass plates, causing bubbles and 
eventual separation. 

Microphotography 

Microphotography is the reproduction of text or pictures 
at ratios of reduction too great for reading or viewing without 
optical assistance. The photographic art of this type of 
reproduction is called MICROFILMING. 
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Microfilming is used throughout the naval service. Sup- 
ply departments use it to file important documents. All 
military personnel pay records are microfilmed at the end of 
pay periods and filed away for future reference. In experi- 
mental laboratories, factories, etc., drawings, computation 
figures, and sketches are microfilmed. 


The material is photographed on a special film called 
Micro-File film. This film has an extremely fine-grained, 
slow, special panchromatic emulsion, especially designed for 
making greatly reduced copies of books, newspapers, manu- 
scripts, line drawings, letters, etc. It has a very high re- 
solving power, 180 lines per mm. 

This film is used in a special camera made for microfilming. 
The model used most frequently in the Navy is the Micro- 
File Recordak, Model E, manufacture by the Recordak Cor- 
poration. It is essentially a camera mounted on a three- 
legged tripod, mounted so that it will photograph straight 
down, in the vertical plane. It comes equipped with a 
Recordak photoelectric exposure meter, the tripod, a copy 
board, two Recordak lampholders, a special cord and switch, 
and a carrying case. (See fig. 15-7.) 

The film magazine of the Recordak will hold 100 feet of 
35mm or 16mm Micro-File film. The 35mm is normally 
used, but with the adapters provided, 16mm can be used 
in it. 

The camera is designed so that two different size negatives 
can be produced. Which size to use will be determined by 
the shape and size of the original. The normal size made is 
the regular 35mm double frame slide size (25mm x 33mm). 
With this size, it is possible to make 800 exposures on one 
roll of 100-foot film. By inserting a mask in the aperture 
and adjusting the film advance mechanism, a regular single 
frame 35mm motion picture frame will be produced (25mm 
x 19mm). With this size, 1,600 exposures can be taken on 
one 100-foot roll of film. 


The Recordak machine comes completely equipped to use, 
except for film and photoflood lamps. To put it into opera- 
tion, just set it up, as illustrated in figure 15-7, and load the 
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Figure 15-7.—Micro-File Recordak, Model E. 


magazine with film. The exposure can be calculated with 
the photoelectric exposure meter supplied with the outfit. 
After the machine is set up, exposure and film advance is 
automatically taken care of by pushing a button on the 
control panel built into the suitcase in which the unit comes. 
Microfilm is normally developed in a high-contrast developer, 
and no special handling operation is required for developing, 
fixing and washing, and drying. The same unit used for 
developing 35mm movie film can be used to develop 
microfilm. 


Copying Without a Camera 


Any design, such as handwriting or printing, in which there 
are but two tones, black and white, can be successfully 
reproduced without the use of a camera. The method used 
is called REFLEX COPYING. 

Lightweight, high-contrast, contact printing paper, such 
as Ad-Tvpe A-5, or single weight paper, such as Azo F-5, 
can be used in reflex copying. 

If the original has printing on both sides, the printing 
paper is placed so that the emulsion is in contact with the 
side to be copied. The reverse side of the original is covered 


667 


with a sheet of black paper. Exposure is made by directing 
light through the back of the sensitized paper. This is done 
by either using a contact printer or a strong white light, such 
as a #2 photoflood, in a suitable reflector. Place the reflector 
1 foot from the paper. A heavy clean glass is very useful to 
maintain sufficient and even contact between the subject 
(original) and the paper. With correct exposure, the light 
passing through the sensitive paper barely affects it, but 
the light reflected back from the white areas of the original 
gives sufficient additional exposure to result in a satisfactory 
negative. The negative image will be laterally reversed, but 
it can be read by transmitted light or printed by contact to 
obtain a positive print. 

To copy an original which has printing on one side only, 
the sensitive paper can sometimes be exposed through the 
back of the original in the same manner as a print is made 
from a negative. If the thickness or texture of the original 
renders this method impractical, the exposure should be made 
as outlined above, but backing the original with white in- 
stead of black paper. 

Develop the paper in D-72, diluted 1:2. The images 
should look decidedly dark all over by reflected light, but 
snappy by transmitted light, when the copy 18 to be used as 
a negative. 


Copying on Rollfilm © 


Though not so well suited to copying as cameras having 
ground glass screens, ordinary rollfilm cameras with supple- 
mentary lenses can be used. 

Supplementary lenses are positive meniscus lenses, which 
come in several series of magnification. They permit making 
copies with cameras that do not have bellows extension. 
Table 15-2 shows the different powers of magnification 
available, and the field size obtained with lenses of different 
focal lengths and negative sizes. 

These distances apply to all cameras and must be meas- 
ured accurately between the subject and the supplementary 
lens. Exposures should always be made at a small aperture 
when a supplementary lens is used. 
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Figure 15-8.—Copy stand for rollfilm camera. 


Using the rollfilm camera in a vertical plane for copy work 
is the recommended method. By building a stand as illus- 
trated in figure 15-8, making copies with a rollfilm camera 
is quite simple. 

This outfit can be alined by careful construction. The 
alinement should be checked, and any method that will in- 
sure correct alinement is satisfactory. 

One such method is to first adjust the camera so that the 
distance from the supplementary lens and the subject is that 
given in table 15-2, for the size of image desired. The 
board which holds the subject should be made perfectly 
horizontal and checked with a spirit level, and the camera 
back should be leveled in the same manner. A plumb bob, 
suspended below the center of the lens, will indicate the 
approximate center of the subject. A line parallel to one 


670 





@ Ci ge of the included field can be established by sighting past 
Ome edge of the camera. However, if the construction of 
tlhe camera permits, the exact area of the subject may be 
seen by opening the camera back and observing the image 
Om. a piece of ground glass or tissue paper stretched across 
the picture aperture. Viewfinders on rollfilm cameras are 
¥i Ot intended for closeup copying and should be disregarded. 


PHOTOCOPY MACHINE 


The photocopy machine is a device which produces paper 
megatives, with the image unreversed and right side up, 
through a prism over the lens. The machine uses a roll of 
very high-speed, high-contrast, orthochromatic paper, which 
is developed automatically within the machine itself. 

The machines used in the Navy are manufactured by the 
Photostat Corporation, Rochester, N. Y. There are four 
models available. They differ only in the type of exposure 
control and size of the paper used. The Photostat machine 
consists of, a CAMERA ASSEMBLY, which consists of the lens, 
shutter, prism, color filter, and bellows; a MAGAZINE ASSEM- 

BLY, which holds the roll of sensitized paper, the mechanism 
for advancing the paper across the focal plane, and a knife 
assembly for cutting the paper at the end of each exposure, 
(the magazine assembly also has a dark curtain, which can 
be opened or closed manually); soLUTION TANKS, which hold 
the developer, fixer, and wash water; a CONVEYER ASSEMBLY, 
which conveys the exposed paper through the developing 
and fixing and washing solutions; a DRYER ASSEMBLY, which 
dries the prints; and a COPY BOARD AND LIGHTING ASSEMBLY, 
which holds the material being copied and illuminates it. 

To set up the machine for operation, load the magazine 
assembly with a roll of sensitized paper, fill the developing 
and fixing tanks with the proper solutions, and turn on the 
water to the rinse and wash tanks. There is an overflow 
tank on the bottom of the machine, which carries off the 
used rinse and wash water. 

The heating element switch and motor drive assembly 
switch of the drver should be turned on at least 20 minutes 
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before the machine is to be used, so that the dryer will be 
at the correct temperature. 

When the thermostatically controlled dryer is at the cor- 
rect temperature and the developing solutions are at the 
proper temperature, turn on the copy lights. These lights 
are mercury vapor lights, and have a separate starting cir- 
cuit. Place the material to be copied on the copy board. 
and set the copy board and the camera assembly for the 
size of copy required. This is accomplished by two scales, 
one on the copy board, and one on the camera assembly. 
As long as the pointers on the scales are at the same num- 
ber, the copy will be in focus. If the pointers are at 1 or 
100, depending on which model machine is being used, a 
1:1 copy will result. If the pointers are at 2 or 200, a 
scale of 1:2 will result. If an odd size copy is required, 
by removing the magazine assembly and using the ground 
glass that is supplied, the image can be manually focused 
on the focal plane. 

The amount of exposure is controlled by the lens dia- 
phragm and the length of time the shutter remains open. 
A normal exposure with high-speed orthochromatic paper 
is 5 to 8 seconds at f/22. The color filter, which is used to 
improve the monochromatic rendition if the color of the 
original is blue, purple, or yellow, will increase the exposure 
time from 4 to 5 times over the basic exposure. 

The shutter, which is a single leaf type, is controlled by 
a shutter cord. This cord is attached to the shutter, and 
it is run around to the side of the machine so that the oper- 
ator can open and close the shutter without reaching in 
front of the machine. On some models the shutter is elec- 
trically controlled by a control box, which can be set for 
the exposure time, and will also make multiple exposures 
when more than one copy of the original is required. 

After the exposure is completed, the exposed paper is 
wound out of the film plane through the bottom of the 
magazine. The paper automatically stops after all the ex- 
posed portion is wound off. Then, by operating the handle 
to the knife, the paper is cut off and drops into the loading 
chute. From the loading chute, the paper is picked up by 
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pin bar, which automatically carries the paper through 
the developer, rinse, fixer, and washing tanks. At the end 
of the washing, the paper is automatically transferred to the 
canvas belt of the dryer, which dries the print. 


Preventive Maintenance 


The proper method of cleaning the exposed face of the 
prism is to first brush off dust or grit with a dry, clean, 
camel’s-hair brush. Then, using lens tissue or a soft, clean, 
dry lintless cotton or linen cloth, polish it gently and thor- 
oughly. If it is necessary to moisten the prism to remove 
dirt, do so by breathing on it. Never use water, alcohol, 
cleaning fluid, or any other liquid. 

Keep the glass cover of the copy board and bookholder 
clean. Use a soft, lintless cloth; or when spots are not 
easily removed, dampen with a small amount of water and 
rub dry with a lintless cloth. 

Remove all the solution tanks at least once a month, and 
scrub out all the deposits of silver in them. Clean the 
developing tank rods with a soft cloth sprinkled with scour-. 
ing powder to prevent the excessive formation of silver 
deposit. After cleansing, rinse in hot water to remove all 
traces of the scouring powder. 

The machine should be oiled at all indicated points at 
least once a month, more often depending on the amount 
of work run through it. The bearings of the conveyer 
motor and the dryer motor should periodically have a drop 
of oil placed in the cups provided. 

A periodic inspection of the rubber squeegees should be 
made; and if they are not in good, workable condition, they 
should be replaced. 
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QUIZ 


. The widespread practice of using a very small diaphragm opening 
when making copy 


a. 
b. 
c. 
d. 


is to obtain the necessary depth of field 
assures a critically sharp negative 

will result in better contrast in the negative 
will cause decrease in sharpness 


. Unevenness of illumination is most apparent 


a. 
b. 
c. 
d. 


on continuous-tone subjects 

when photomechanical materials are used 
when heavy base films are used 

when copying multicolored subjects 


. Surface reflections on some subjects are difficult to eliminate or 
subdue. Placing a polarizing filter over the lens alone 


a. 
b. 


c. 
d. 


makes little if any improvement 

will eliminate all but reflections at right angles to the axis 
of the lens 

and rotating the filter removes. all reflections 

will eliminate surface reflections and actually increase subject 
brightness 


. What is the essential difference between type B and type C pan- 
chromatic film- 


a. 


b. 
c. 


d. 


Type C is slower in the green, but faster in the red end of 
the spectrum 

Type C is a faster film with less grain than type B 

Type C is more sensitive to red than the human eye and re- 
produces all reds in lighter tones 

Type C panchromatic is more sensitive to reds than type B, 
but not so sensitive to red as the human eye 


. Good negatives made of line originals 


a. 


b. 


c. 
d. 


will print best on a hard grade paper, with normal develop- 
ment 

will print best on normal paper, using a high contrast devel- 
oper 

will print best on hard paper, using a high contrast developer 
can be printed on any grade of paper 


. Using the bounce light technique from low ceiling on adjacent walls 


a. 
b. 
c. 
d. 


is an effective means of reducing subject contrast 

will eliminate or subdue specular reflections 

is a positive method of obtaining evenness of light 

is especially good when copying continuous-tone subjects 
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10. 


11. 


12. 


13. 


. Orthochromatic film is sensitive to 


a. blue and green (400 to 600 mu) 

b. green and yellow, plus blue (400 to 600 mu) 
c. blue and green, plus yellow (400 to 500 mu) 
d. green and yellow, plus blue (400 to 700 mu) 


. If you are copying a line original with light blue, and medium red 


lines on a medium green background, which filter and film combina- 
tion should be used for best results? 

a. Photomechanical ortho with a B filter 

b. Process panchromatic with A filter 

c. Process panchromatic with a G filter 

d. Photomechanical ortho with C filter 


. The golden rule for exposure and development in making good 


copy negatives of continuous-tone originals is 


a. minimum exposure with full development 

b. normal exposure with normal development 

c. full exposure with full development 

d. full exposure with less than normal to normal development. 
according to the contrast of the original 


For best results for good copy of a blueprint use 


&. process panchromatic film with blue filter 
b. process panchromatic film with A filter 

c. portrait panchromatic film with A filter 
d. process ortho film with A filter 


To eliminate a colored portion on a copy with a white background, 
it is necessary to use a 


a. filter which will transmit that color 

b. filter which will absorb that color 

c. filter lighter than the color 

d. film that is not sensitive to the color, with no filter 


A blueprint is to be copied. .Photomechanical Pan film is used. 
the filter and developer that will produce the best results are 


a. A filter and D-8 developer 

b. G filter and D-11 developer 

c. C4 filter and D-72 developer 
d. X1 filter and DK-—50 developer 


A chart is to be copied to a ratio of 3 to 1, the meter reading is 
2 seconds at f/16, therefore, the new exposure using a filter with a 
factor of 8 will be 

a. 512 seconds at f/32 

b. 156 seconds at f/16 

c. 256 seconds at f/16 

d. 256 seconds at f/8 
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14. 


15. 


16. 


17. 


18. 


In making a photograph with a view camera equipped with an 
8-inch lens, the exposure meter indicates an exposure of 1/100 of a 
second at f/5.6. It is required to make a life size image of the 
subject. The effective f/stop will be 


a. £/5.6 
b. f/8.0 
ce. £/11.2 
d. £/22.4 


When copying a matte surface original, excessive texture reproduc- 
tion can be reduced by 

a. placing the lights close to the side of the camera 

b. increasing the distance of the light from the subject 

c. placing the lights near the subject 

d. increasing the angle of the lighting 


The film most suitable for copying this page is 
a. Process Pan 
b. Kodalith Regular 
c. Commercial (Colorblind) 
d. any type B Pan 


It is required to make a copy to a ratio of 4 to 1. The exposure 
for a similar subject made to a ratio 1 to 1 is 6 seconds. The 
focal length of the lens used is 10 inches. The new exposure will 
be how many seconds? 


a. 150 
b. 75 
ce. 50 
d. 37.5 


The exposure meter indicates an exposure of 2 seconds at f/8 for 
a copy made with a 12-inch lens. The bellows extension is 36 
inches. Using an X1 filter (filter factor of 3), the correct exposure 
will be how many seconds? 

a. 18 

b. 54 

c. 96 

d. 144 


676 


CHAPTER 





PERSONNEL PHOTOGRAPHY 


DESCRIPTION AND PURPOSE 


Photographer’s Mates are frequently required to take 
pictures of personnel—from seaman to admiral—from 
identification to formal portrait. To successfully accomplish 
this type of work challenges the ingenuity of the photog- 
rapher. Not only must he be a capable technician, but he 
must be also a personable psychologist. 

Many people are nervous and self-conscious in front of a 
camera. Facial muscles tighten, eyes glare, and the resulting 
expression is most unnatural. They try to look their best, 
and in so doing often present an expression that is displeasing. 

It is human nature for people to like to be flattered, 
especially in a photograph. This is particularly apparent 
when formal studio portraits are taken. People are overly 
conscious of slight physical imperfections or defects and are 
highly pleased to have them subdued or removed in a 
photograph. 


Identification, Records, Publications 


There are numerous requirements for photographs of per- 
sonnel. Each one of us is required to possess an Armed 
Forces identification card. In order to enter certain areas 
where work is in progress on a classified project, additional 
identification in the form of a badge or card may be required. 
Special identification cards or badges are used extensively by 
military personnel and their dependents to gain admission 
to military reservations, hospitals, post exhanges, commissary 
stores, and movies. Civilian employees are usually required 
to wear an identification badge while on a military reserva- 
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tion. When personnel are ordered to duty in a foreign 
country, & passport is required. A photograph is placed in 
each individual’s service record; and in the case of officers, 
a photograph must be forwarded periodically to the Bureau 
of Naval Personnel. 

Occasionally, for record or publicity purposes, a group 
may be photographed. In most cases, however, a head-and- 
shoulder view is made of each individual. Informal por- 
traits may include one-half, three-quarter, or full-figure 
views; for example, illustrations showing how to correctly | 
wear the uniform, or posture photographs. 

In most cases of personnel photography, the instructions 
will be specific as to picture size, camera angle, and portion 
of figure to be included. Selection of the most suitable 
camera equipment can be made on the basis of the type of 
work to be done. 

The majority of photographs made of personnel will be 
for identification purposes. Occasionally a profile or three- 
quarter view is required, but most identification photos are 
made with the subject squared to the camera and looking 
straight into the lens. Seldom will there be sufficient time 
to arrange the lights or pose the subject in such a manner 
as to achieve the most flattering photograph. ‘Normally 
only one negative is made of each person. Since an identi- 
fication picture must reveal as many facial details as possible, 
retouching the negative or print is undesirable. Under 
these circumstances, very few of us obtain a flattering ‘““ID”’ 
picture. 

Although it is actually a type of portrait photography, the 
requirements for speed and quantity in identification work 
make it necessary to sacrifice the quality expected in formal 
portraits. However, with a little attention to lighting, 
posing, exposure, and processing, good quality can be 
attained in photographs of personnel even under mass 
production and speed requirements. 

Frequently it is necessary to make a new identification 
photograph of each person in a command or ship’s company. 
In order to accomplish this in the shortest possible time and 
at the least expense in man-hours, the camera must be set up 
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in a central location convenient to the unit being photo- 
graphed. With the proper equipment, one man can photo- 
graph several hundred persons in a single day. Under such 
circumstances, it is much better to take the camera to the 
command being photographed than to transport the 
command to the laboratory. 


CAMERA EQUIPMENT 


There are two basic requirements in identification pho- 
tography—speed and quantity in production. While the 
GRAFLEX, SPEED GRAPHIC, and VIEW cameras can be used, 
they are not particularly suited for identification work. 


Graflex Identification Unit 


The Navy has largely standardized on using an Identifica- 
tion Unit (fig. 16-1) for taking “ID” pictures. It has the 
desirable features of being portable, simple to load and 
operate, and capable of making a large number of photo- 
graphs with one film loading in a very short time. The 
rapidity with which photographs can be made with this unit 
is one of its most desirable features. Because of its sim- 
plicity, as many as 200 persons per hour can be photographed. 
By eliminating the necessity of seating the subject and focus- 
ing and arranging the lights for each picture, a great amount 
of time is saved. 

Complete in itself, the Graflex Identification Unit (fig. 
16-1) consists of a Photorecord camera, a camera stand, 
lights, and a background. The stand (10) is a sturdy as- 
sembly of two upright wooden columns mounted on a 
triangular-shaped metal base (9). The base is supported on 
three rubber-tired casters so that it may be easily rolled 
from one location to another. A platform (1) which supports 
the camera (3) and lights (11) 1s attached to the columns 
and rides up and down between them on a rack-and-pinion 
gearassembly. The platform can be quickly raised or lowered 
by a wheel (2) on the right-hand side to place the camera at 
the proper height for the individual being photographed. 
The camera is mounted near the rear end of the platform 
convenient to the operator. <A foot-operated jacklock is 
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Figure 16-1.—The Graflex Identification Unit. 


attached to the base near the rear wheel to prevent ac- 
cidental movement of the unit while taking pictures. 
PHOTORECORD CAMERA AND ACCESSORIES.—The Puoro- 
RECORD CAMERA has a small compact metal body mounted 
on a heavy metal base. An 84mm Graflex Photorecord f/5 
lens is mounted in a heavy duty Betax No. 2 shutter. An 
iris diaphragm provides stops from f/5 to f/22. The exposures 
available are time, bulb, 1/2, 1/5, 1/10, 1/20, and 1/50 of a 
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second. The lens is prefocused at the factory and should not 
require focusing during operation. A lever assembly at- 
tached to the left-hand side of the camera permits the 
operator to make the exposure by pushing the operating arm 
forward and to recock the shutter and advance the film by 
drawing it back. 

A magazine with a capacity of 100 feet of 35mm film is 
provided with the camera. A full roll of film is sufficient for 
800 double frame exposures for “ID’’ pictures. Since the 
film is not threaded in the camera, the magazine can be 
quickly attached to the camera by means of a slide lock. An 
additive type exposure counter is located on the left-hand 
side of the magazine. A dark slide covers the aperture 
when the magazine is removed from the camera. 

At the opposite end of the platform from the camera is a 
concave-shaped positioning bar. The subject can lean 
lightly against it and be in the proper position for taking the 
picture. A rectangular-shaped wire positioning frame (4, 
fig. 16-1) is attached to the platform above the positioning 
bar. It assists in centering the subject and adjusting the 
height of the camera to the height of the individual. 

On the side of the positioning bar facing the camera are 
seven dials (5), each containing numerals from 0 to 9 and 
one blank space. A control (6) for each dial is conveniently 
located at the operator’s end of the camera platform. The 
subject’s service number can be set up on the dials or, if 
desired, left blank and a card attached immediately above 
them containing name, rank, or other data. Such data will 
appear in the picture just below the subject’s shoulders. 

LIGHTING EQUIPMENT.—The unit contains its own lighting 
equipment. It consists of two reflector floodlamps (7, fig. 
16-1) on supporting arms attached to the camera platform. 
The lamps are positioned to properly illuminate the area 
included in the wire positioning frame and the background. 
Arranged in this manner, the lights are automatically raised 
and lowered with the camera and do not have to be changed 
for individuals of different heights. This makes the lighting 
uniform in all cases. 

The two floodlamps are of unequal intensity—300 watts 
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for the main or modeling light and 150 watts for the fill-in. 
The G. E. type R-40 reflector floodlamps have a life expec- 
tancy of approximately 1,000 hours. The modeling light is 
sufficiently high and to one side to provide good basic por- 
trait lighting. The fill-in light is about the same height as 
the subject’s eyes. This arrangement provides much better 
modeling than is usually obtained in mass-produced identifi- 
cation pictures. 

Backerounp.—The background (8, fig. 16-1) provided 
with the unit is supported by two arms attached in the top 
of the columns of the camera stand. The background may 
also be tacked or taped to a bulkhead, if desired, to prevent 
brushing against it when the subject steps into position. 
One side of the background is plain, the other scaled to 
indicate the individual’s height. 

Horizontal lines are drawn on the background from 4 to 
6% feet. When setting up the unit, the background must be 
adjusted to indicate in the photograph the correct height of 
the individual. If the background is positioned with the 
6-foot line at 6 feet above the deck, it will appear in the 
photograph that a person is about 6 inches taller than he 
actually measures. 

To correctly adjust the height of the background, have 
someone stand against the positioning bar and adjust the 
height of the camera as though a picture was being made. 
Place the ground glass focusing panel on the camera and 
open the shutter. Move the background up or down until 
the person’s correct height is indicated on the ground glass. 
After this initial adjustment is made, no change is necessary 
to show the correct height of each individual photographed. 

Fitm.—The use of standard 35mm perforated film in the 
Identification Unit is a very important factor from an 
economic standpoint when compared with the cost of film 
for a Graflex or Speed Graphic. Depending on the number 
of pictures to be made, the magazine can be loaded with 
either a short length of film or a full 100-foot roll. PANcHRo- 
MATIC NEGATIVE FILM such as Kodak Plus-X is reeommended, 
but any good panchromatic film is entirely suitable for use 
with the camera. The film regularly supplied for this unit 


682 


is wound emulsion out on a No. 10 spool and is daylight 
loading. It is available in speed groups 50 and 100 from 
standard stock. If other films or short ends of film are 
used, they must be rewound emulsion out on the No. 10 
spool. In this condition, the film is not daylight loading. 

After the magazine is loaded and the cover replaced, 
manually operate the takeup bar on the left side of the 
magazine a sufficient number of times to take up the leader 
and insure that the film is taking up properly. If a partially 
exposed roll of film is to be removed for processing, the 
magazine must be taken into a darkroom for unloading. 
Even with a full roll of film having a black leader and trailer, 
it 1s recommended that loading and unloading be done in 
subdued light. 

The film can be processed in the same manner as motion 
picture negative film. If an automatic processing machine 
is unavailable, a Stineman outfit or deep tanks can be used. 
The latter is particularly useful when short lengths of film 
are being processed. 

A developer such as DK-50 is recommended. Kodak 
Plus-X should be developed approximately 6 minutes at 
70° F. 

When the equipment is first set up, a test exposure should 
be made and processed. The recommended exposure is 
indicated on the shutter by two red dots. The basic expo- 
sure is one-twentieth (1/20) of a second at f/8 when using 
speed group 50 film. Unless other film is employed or 
additional artificial light or daylight is present, no change 
from this exposure should be necessary. 

A shutter speed slower than one-twentieth (1/20) of a 
second is not recommended. Longer exposures may produce 
blurred images due to vibrations of the camera or movement 
of the subject. 

ADJUSTMENT PROCEDURE.—Once the Identification Unit 
is set up and adjusted, it is a simple matter to take a picture. 
Before installing the magazine it is a good practice to check 
the shutter operation two or three times. Then install the 
magazine, pull the dark slide, turn on the lights, and the 
camera is ready to operate. 
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The subject should remove his headgear before stepping 
into position in front of the background. Have him stand 
erect with his chest just touching the positioning bar. 
Raise or lower the camera platform so the lens is about level 
with the eyes. The top of the positioning frame should be 
about 3 or 4 inches above the head. 

Set the subject’s service number on the dials or attach a 
card above them bearing the desired identification. If no 
identification is desired, turn all the dials to the blank 
position. 

PosING THE SUBJECT.—Try to put the subject at ease. 
A mirror attached to the camera near the lens provides a 
good focal point for the subject’s attention and assists in 
centering him in the positioning frame. If the subject 
shows a tendency to squint or blink, suggest that he rest 
his eyes by closing them for a moment. Observe that the 
head is held erect and squarely facing the camera. 

MakING THE EXPOSURE.—T’o make the exposure, push 
the operating arm forward slowly until the shutter clicks. 
Then draw the operating arm back against the stop. This 
backward movement recocks the shutter and advances the 
film to the next frame for another picture. 


LENS SELECTION 


One very important factor in personnel photography is 
the selection of a suitable lens. A long focal length lens will 
permit the camera to be set up at a convenient distance 
from the subject. This tends to minimize the subject’s 
self-consciousness, gives a much better perspective, and 
permits the photographer to move around freely in front of 
the camera to arrange the lights and pose the subject. 
Except when working in a limited space, select a lens of such 
focal length as to permit setting the camera several feet from 
the subject. One method to assist in determining the proper 
distance between the camera and subject is to keep the 
image size of the head, as measured from the forehead to 
the point of the chin, no larger than one-sixth (1/6) of the 
focal length of the lens. This will prevent distortion of the 
features and an unpleasant perspective. 
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For HEAD-AND-SHOULDER PICTURES, select a lens having a 
focal length at least equal to or greater than the sum of the 
two adjoining sides of the film. With 4 x 5 inch film, the 
lens should have a focal length of at least 9 inches, and with 
8 x 10 inch film at least 18 inches. If working space permits, 
longer lenses can be used. 

When THREE-QUARTER OF FULL-FIGURE VIEWS are made, 
the use of such a long focal length lens is neither necessary 
nor desirable. The distance between the camera and sub- 
ject would be too great to be practical. The lens best 
suited for this type of picture is one whose focal length is 
approximately equal to the diagonal of the film. It would 
be about 6 inches for 4 x 5 inch film and 12 inches for 8 x 10 
inch film. 

For HALF-FIGURE pictures, either a long or medium focal 
length lens can be used. Selection of the lens will depend 
to some extent on the available working space. 

When the working space is limited, it may be necessary 
to use a shorter lens than would otherwise be selected. A 
short focal length lens tends to distort the proportions of the 
figure when used close to the subject. Objects close to the 
lens appear larger than normal in comparison with more 
distant objects. By carefully posing the subject, distortion 
can be minimized and a more pleasing perspective obtained. 
Pose the subject so that the hands and feet are, as nearly as 
‘possible, in the same plane as the head. If the picture is 
being made with a View camera, additional control of dis- 
tortion is possible through the use of the swing back. 

The Graflex, Speed Graphic, and View cameras are 
frequently employed in personnel photography. Although 
not the best choice for portrait work, these cameras have 
the desirable feature of portability. The Speed Graphic 
with its synchronized flash equipment is particularly useful 
when electrical power is not available or time limitations 
make it impractical to set up the regular lighting equipment. 
Undesirable features of these cameras are lack of adjust- 
ments for correcting distortion, difficulty in manuevering 
the camera support, and the relatively short focal length 
lens with which they are usually equipped. Frequently, 
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however, the standard lens is replaced with one of longer 
focal length to make the camera more suitable for personnel 


photography. 
ILLUMINATION 


The excellent quality so readily apparent in a distinctive 
portrait is equally as much a product of lighting as posing. 
The type and number of lights employed is relatively 
unimportant, but their placement in relation to the subject 
requires the most critical attention. 

Excellent portraits can be made indoors with daylight as 
the only source of illumination, provided it is sufficiently 
bright to permit exposure. Sunlight, either direct or 
diffused, can also be used successfully outdoors. Particularly 
when using direct sunlight, a reflector or some type of light 
should be used to fill in the dark shadow areas. For indoor 
work, two photoflood lamps in suitable reflectors will 
generally be adequate for pictures of personnel. One is 
used as the main or modeling light and the other to fill in 
the shadows. Auxiliary illumination, consisting of two 
focusing spotlights, may be used, if desired, to illuminate 
the background and for special modeling effects. Except 
for large groups, no other lights are required. Additional 
lights may occasionally be used by an expert to obtain 
special effects. However, the beginner should not attempt 
to use more than two lights, one for modeling and the other 
to fill in the shadows. 


Modeling Light 


One of the best ways to learn control of lighting is to 
start with a single undiffused hght. This will be used as 
the main or modeling light. Place it approximately four 
feet in front of the subject. Raise it to a position above eve 
level so that it is pointing downward at an angle of about 
30 or 40 degrees. Study the effect of this lamp while moving 
it in an are about the subject. (See fig. 16-2.) Observe 
the prominent highlights on the forehead, nose, cheeks, and 
chin, and the various shadows cast about the face. By 
means of highlights and shadows, the modeling light empha- 
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Figure 16-2.—Study the effect as the light is moved in an arc about the subject. 


LIGHT SOURCE 


sizes the curvature and characteristic features of the face, 
adding an apparent third dimension of depth to the picture. 

The modeling light should be positioned so the lighting 
effect will be similar to that obtained in sunlight or ordinary 
overhead room illumination. This is the type of lighting to 
which we have become accustomed. It is unusual to observe 
people with light falling upon them in any other manner. 
For example, when a light source is placed well below eye 
level, the shadows slant upward at an unnatural angle 
producing a “horror’’ effect that is very displeasing. For 
this reason the modeling light should be placed well above 
eye level. 

Whether the modeling hght is placed directly in front of 
the subject or to one side will depend on the particular effect 
desired. It is possible to alter the apparent shape of a 
person’s face to a considerable extent by merely changing 
the position of the light. The face appears broadest (fig. 
16-3) when lighted from directly in front and narrowest 
(fig. 16-4) when hghted at right angles from the subject’s 
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Figure 16—3.—Front or flat lighting makes the face appear broad. 


line of vision. For this reason it is advisable to light a 
person having a large rounded face with side lighting and 
one having a long thin face with front or flat lighting. The. 
average person will probably photograph best when the 
light is placed approximately midway between these two 
extremes. 

For the average person a good normal lighting arrangement 
(fig. 16-5) is to place the modeling light about 45 degrees 
to one side of the subject at a distance of 4 or 5 feet. Adjust 
its height until the nose shadow beginning at the inside 
corner of the eye extends downward toward a corner of the 
mouth. The light should not be at such an angle as to cause 
the nose shadow to fall across the eyeball. Neither should 
the light be so high as to cast a shadow of the eyebrows into 
the eves. A triangular-shaped highlight should be formed 
on the cheek adjacent to the nose shadow and extend no 
lower than the base of the nose. This particular formation 
of highlights and shadows is characteristic of a normal 
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Figure 16—4.—Side lighting makes the face appear slender. 


lighting arrangement and is widely used by portrait photog- 
raphers everywhere. 

To complete this lighting setup, place the fill-in light on 
the opposite side of the camera at about eye level and as 
near the axis of the lens as practical. (See fig. 16-6.) The 
purpose of this light is simply to lighten or fill in the shadow 
areas, not to eliminate them. The distance of the fill-in light 
from the subject is always greater than the modeling light 
distance, varying according to the lighting contrast desired 
from about 6 to 8 feet. The ratio between the intensities 
of the modeling and fill-in lights on the subject should be 
approximately 3 to 1. A diffusion screen is usually placed 
on the reflector of the fill-in light to further soften its effect 
and prevent formation of undesirable shadows. One of the 
most common mistakes is to place the fill-in light too close 
and at such an angle as to give a crosslighting effect. When 
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Figure 16—5.—Normal position of light for average person. 


this occurs, a shadow is formed on each side of the nose 
producing a distracting and unpleasant lighting effect. 

The decision as to which side of the subject the modeling 
light should be placed is generally at the discretion of the 
photographer. If the subject is facing the camera in a full 
front view, the modeling light may be placed on either side. 
As a matter of common practice, it is placed on the side 
having the best appearance. This will tend to subdue any 
defects on the other side of the face by keeping them in the 
shadow. 

When the subject’ s head is turned away from the camera, 
the modeling light is more often placed on the side to which 
the head is turned. In this manner the side of the head 
toward the camera is illuminated so as to show roundness 
and curvature of features by means of highlights and shadows. 
From the highlight on the cheek, the light will steadily 
decrease in intensity around the head until the deepest 
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Figure 16-6.—Addd fill-in light to complete normal lighting arrangement. 


shadows appear at the back of the neck and beneath the 
chin. This lighting adds greatly to the effect of a third 
dimension of depth in the picture. 

Although there is less control of lighting for outdoor 
portraits, successful pictures can be made using direct sun- 
light as the modeling light. The degree of success is influ- 
enced to a large extent by attention to three factors: sun 
angle, background, and lighting contrast. In cloudy or hazy 
weather, an ideal diffused light simplifies the making of 
individual or group photographs. In direct sunlight, how- 
ever, it becomes necessary to fill in the harsh shadows with a 
reflector or flash-lamp. 

The middle of the day is usually an unsatisfactory time, 
except when it is possible to work in diffused light. The 
angle of the sun in the morning or afternoon will more closely 
approximate the angle of the modeling light in a normal 
lighting setup. The subject should face in a direction to 
receive the light from the proper angle. 
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| BACKGROUND 


With the restriction on posing the subject in relation to 
the sun angle, it becomes increasingly difficult to locate a 
suitable background. The background should be as plain 
as possible, and not of more interest than the subject. Often 
some object associated with the subject’s activity can be 
used as a suitable setting. The side of a deck house, turret 
or building, a tree, embankment, or sky may be used as a 
satisfactory background. 

Great care must be exercised in selecting the color of the 
background for outdoor photography. The color should 
not blend with the subject’s clothing nor should the contrast 
be too great. The best results will be obtained when there 
is sufficient contrast to show separation between the subject 
and background but not so great as to cause any loss of 
detail in either one. 

A real problem in making portraits in sunlight is the 
elimination of dark shadows. With a person standing in 
direct sunlight, very dark shadows will be produced under 
the eyebrows, nose, and chin. The lighting contrast 
between the highlights and shadows is much too great to 
render satisfactory detail throughout the face. Additional 
light must be used to fill in the shadows and provide a 
suitable ratio of approximately 1 to 3. An object having a 
highly reflecting surface may be used for this purpose, or a 
flashlamp synchronized with the shutter will produce excel- 
lent results. When a flash is used as the fill-in, the distance 
from lamp to subject must be calculated very carefully. If 
placed too close to the subject, it will become the principal 
light source and completely eliminate the shadows. This 
will tend to overexpose the subject in relation to the back- 
ground. 


POSING THE SUBJECT 


Except for formal portraits, the manner of posing the 
subject will generally be specified in requests for pictures of 
personnel. That is, the directions should state whether the 
picture is to be a front, three-quarter, or profile, and the 
amount of the figure to be included in the view. If selection 
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of the camera angle is left to the discretion of the photog- 
rapher, the subject should be turned so that the head and 
shoulders are slightly away from the camera. The head-on 
shot tends to emphasize the subject’s ears and the pose 
appears static, stiff, and uninteresting. 

While preparing to pose a person, observe that he is in a 
complete and proper uniform and that it is worn correctly. 
Decide on the background best suited to contrast with the 
particular uniform. If in a studio, two or more backgrounds, 
either white or gray and occasionally black, will be available. 
If the subject is kept at a distance of 6 or 7 feet from the 
background, the elimination of shadows will be much easier. 
The background may also be illuminated separately if 
desired, giving additional depth to the picture and support 
for the figure itself. 

While discussing the aspects of the picture to be made, 
casually observe the subject’s face to determine the most 
suitable pose. In most cases one side of a person’s face will 
make a more pleasing photograph than the other. When- 
ever possible, the subject should be turned so as to present 
his best side to the camera. Except for identification 
pictures, the lighting should also be arranged to favor the 
best side of the subject’s face, keeping slight defects in the 
shadows or turned away from the camera. 

With the subject standing erect, little difficulty will be 
encountered in having the uniform appear to fit neatly and 
be free from wrinkles. When seated, however, the uniform 
tends to wrinkle, the coat bunches up in the back, sleeves 
work up above the wrist, and the collar stands out from the 
neck. Watch carefully for such things which detract from 
a neat appearance, and correct them before starting to take 
pictures. The uniform will appear neater and there is less 
tendency to slouch if the subject is prevented from leaning 
back against an object such as the back of a chair. A stool, 
bench, or low table makes a good posing bench and assists 
in keeping the subject’s back erect. 

The pose should appear comfortable if the subject is seated, 
or alert and forceful if depicting action. In many cases, a 
pose which appears comfortable and natural or conveys the 
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desired feeling of action in the picture may actually be un- 
comfortable to the subject. If the shoulders are turned at 
an angle so that the left side is nearest the camera, the left 
forearm should be drawn back slightly and the right forearm 
extended forward a small amount. Reverse the directions 
when the person is posed with the right side nearest the 
camera. This will give the appearance of better support and 
balance for the body and a feeling of action or motion in 
the picture. 

Feel quite free, even obligated, to give directions to the 
subject regarding the pose. He is in no position to fully 
observe that everything is correct. It is the photographer’s 
responsibility to insure that coat sleeves are pulled down, 
wrinkles smoothed out, hat set at the proper angle, body 
erect, head tilted at the best angle, and a dozen other things 
which, if not corrected, will detract from the picture. 
Whether the subject is a seaman or an admiral, the photog- 
rapher is expected to observe these discrepancies and correct 
them. 

It is highly probable that one of the greatest contributing 
factors to unsuccessful pictures is not lack of technical 
knowledge but simply the timid manner in which the pho- 
tographer handles the subject. Always be courteous and 
respectful. Never make a picture when something is wrong 
because of fear or timidity to speak and act in the presence 
of high rank. The results are certain to be disappointing 
and embarrassing. 

As a general rule, people dislike having the photographer 
pulling at their clothing and pushing and turning them 
around while posing for a picture. It is better to remain 
near the camera and direct the subject in what is to be done. 
This allows the photographer to observe more critically 
from the camera position and gives the subject something to 
do to help relieve nervous tension. 

Normally, the camera is elevated to a position about level 
with the eyes. It may be placed higher or lower in certain 
cases to give a more pleasing perspective or to reduce the 
appearance of an unusually long or short neck. A long 
neck can be made to appear shorter by raising the camera 
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above eye level and a short neck will appear longer when 
photographed from a low camera angle. The camera should 
be kept at a sufficient distance from the subject to prevent 
the image as measured from the top of the forehead to the 
chin from being greater than one-third of the length of the 
film. 

Ask the subject to turn his head slightly or tilt it up, down, 
or sideways, if it will improve the pose. Many people will 
instinctively turn their head away and downward to shield 
their eyes from bright lights. The expression should be 
serious but pleasant. A broad smile usually looks forced 
and is seldom appropriate for personnel in uniform. Since 
the eyes are the most expressive part of the face, it is better 
to try to catch a twinkle or smile in them instead of the 
mouth. 

To insure success in taking pictures of personnel, master 
all the technical phases of the work until it can be done 
almost automatically without any hesitation and guesswork. 
Practice on a shipmate, establishing a definite sequence of 
operation to gain speed and self-confidence. Then full 
attention can be given to the subject to obtain the best pose 
and most pleasing expression. 


TYPES OF FILM 


As a general rule, the film stocked in a Navy laboratory 
will contain two general types which are entirely satisfactory 
for pessuuuc. photography. Included in these two types, 
there may be quite a variety of trade names and speed 
groups. So many in fact, that the photographer may be 
confused as to which one is the best. If you were to ask ten 
commercial photographers what film they preferred for por- 
traits, you might get ten different answers. For the most 
part, it is just a matter of personal preference. 

The two general types of film suitable for personnel pho- 
tography are ORTHOCHROMATIC and PANCHROMATIC. Both 
types are available in cut sheets from standard stock, whereas 
only panchromatic is available in film packs. Panchromatic 
film is available in speed groups of 50 and 100 in 4 x 5 inch 
film packs and 50, 100, and 200 in 4 x 5 and 8 x 10 inch cut 
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sheets. Orthochromatic film is available in 4 x 5 and 8 x 10 
inch cut sheets in speed group 100 only. 

As in any specialized field of photography, there are 
certain desirable characteristics for negative materials. For 
example, the film should be moderate to fast in speed; the 
grain structure should be small; it must have the ability to 
record shadow detail while simultaneously producing good 
separation in the highlights; the exposure latitude should be 
the maximum obtainable; the contrast should be relatively 
low and not become excessive even with prolonged develop- 
ment; and it must be able to reproduce the colors in the 
scene to a reasonable degree of accuracy. 

Both orthochromatic and panchromatic films are widely 
used for portraiture. The speed group selected will depend 
somewhat on the intensity of light on the scene. While the 
slower films tend to produce a smaller grain structure, 
extended development or use of other than the recommended 
developer may increase the graininess to an undesirable 
extent. 

Film packs are satisfactory for identification and other 
photography which do not require retouching on the negative. 
They offer quite a convenience in handling film when a large 
number of pictures are to be shot. | 

Portrait negatives are usually developed to a lower degree 
of contrast than would be considered normal for general 
photography—when developed to a gamma of about 0.7, 
the negatives will contain detail in the shadows and yield 
excellent separation in the highlight areas. This is particu- 
larly important when the range of illumination on the sub- 
ject is extremely broad. The reduced contrast will lessen 
the necessity for printing-in or dodging. 


GROUP PHOTOGRAPHY 


Occasionally an assignment will be received to take a pic- 
ture ofa group of people. The fine precision work of bringing 
out the most attractive facial features and catching person- 
ality in the expression is not required when making a photo- 
graph of a group. But there will be the added difficulty of 
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working with a number of people at one time. Each person 
must be considered individually, and, at the same time, his 
relation to the whole group. Except in very large groups, 
attention must be paid to each and every member. Every 
precaution should be taken to insure that each person shows 
clearly and that interest is not drawn to one individual by 
some awkward pose. 

A FORMAL GROUP is one in which several people, uniformly 
dressed for the occasion, are seated or standing in as near 
the same pose as possible. Each member is placed in approx- 
imately the same relative position so that attention is not 
drawn to one person. 

The INFORMAL GROUP Is intended to depict some action or 
tell some story about the individuals in connection with 
their work. Although the position and pose of each member 
of the group should be carefully planned, it should appear 
casual and realistically unprepared. The various members 
may be seated, kneeling, or standing in a variety of positions 
and need not be looking in the same direction. 

Arrangement of personnel to obtain the best composition 
is one of the most important factors in group photography. 
Regardless of the number of persons in a group, they should 
be arranged to fill the negative and give as large an image 
size of each person as possible. One exception to this rule 
is when the background is of equal or greater importance 

than the group itself. This often occurs with an informal 
group when the picture is actually intended to emphasize 
some object or piece of equipment more than the individuals. 
In such a case, locate the camera for the best composition of 
the object, then arrange the people in the picture to enhance 
the story being told. 

A group of no more than five persons standing in one row 
can be composed to fill the negative very nicely. When six 
to ten persons are being photographed in a group, it is advis- 
able to arrange them in tworows. For larger groups, arrange 
the individuals in as many rows as necessary to fill the 
negative. Except when the background helps to fill the 
negative and shares equal importance with the group, never 
string out a long narrow line of people across the negative. 
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When a large group is formed into three or more rows, it 
Is necessary to devise some method to prevent the rear 
rows from being blocked from view. Furthermore, in order 
to compose the picture properly and fill it from top to bot- 
tom, each row must be higher than the preceding one. 


One method is to arrange the group on the steps of a 
building, bleachers, or a terrace, so that each row is higher 
than the preceding one. On level ground the first row can 
be seated, the second standing, and the third standing on 
benches. 


Another method which can be used in combination with 
the first is to elevate the camera so that it is pointing down 
on the group. This method is quite useful as an aid in com- 
posing and filling the picture area. <A higher camera angle 
is sometimes useful to eliminate undesirable background. 
When raising the camera above eye level, avoid excessive 
distortion of the figures and vertical lines by too much 
elevation. If using a View camera, the swing back can be 
used to correct distortion of vertical lines. 


Particularly in the formal group photograph, the arrange- 
ment should be symmetrical. Try to avoid having an equal 
number of persons in each row. By keeping the number 
unequal permits each person in the second and succeeding 
rows to stand directly behind the space between the heads 
In the preceding row. This affords a much better view of 
each person. The number in each row should differ by one 
person. Whether there is one more or one less person in 
each succeeding row is at the discretion of the photographer. 
If there is one less, the group will appear to have a pyramid 
or triangular shape. With one additional person in each 
succeeding row, the group will appear to have a rectangular 
shape. 

Customarily, the highest ranking person is located in the 
center of the first row with other members of the group ar- 
ranged alternately to the right and left according to rank. 
When all members of the group are the same rank, arrange 
them strictly according to height. 

When arranging a large group in which twelve or more 
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persons are in each row, it is advisable to form them in a 
slight semicircle instead of a straight line. (See fig. 16-7.) 
This will place each person in a row approximately the same 
distance from the camera and keep the images of uniform 
size. The row will then appear straight in the photograph 
instead of being bent backwards at the ends. Instruct each 
person to turn slightly as necessary so that he is facing di- 
rectly toward the camera. This will help to keep attention 
within the group and to offset the effect that those near the 
end of the row are turned away from the camera. 

The shorter the focal length of the lens used the more pro- 
nounced will be the distorting effect of apparent bending of 
a straight row. A proportionally greater distance exists 


SUBJECTS 
O909T9000¢6 
O OOO O 
OO O 
OP Op 


Figure 16-7.—Arrrange long rows in a semicircle. 
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between the center and ends of a row and the camera with 
a short focal length lens than with a long one. 

With the formal group arranged and ready to be photo- 
graphed, observe carefully that each member is in approxi- 
mately the same relative position, hats are at the same an- 
gle, and uniforms are correct and neat. See that the hands 
and feet of all members are in the same position. When the 
front row is seated, the feet may be crossed if desired—but 
all in the same direction. Each person should be looking 
at the camera—no broad smiles, just a pleasant expression. 
Nothing should be so different about any person as to draw 
attention or make him stand out from the group. 

The success of a group photograph is largely dependent on 
the ability of the photographer to direct the members of the 
group so as to obtain the composition he wishes. Never 
hesitate because of rank to request any member of the group 
to change his expression or position or to correct any defect 
in his uniform. Be diplomatic about it, of course, but do 
not let the matter go unattended. To do so is a neglect of 
duty and far more serious than any supposed irregularity of 
conduct toward a superior officer. It is very embarrasing 
and a waste of valuable time to call a group together again 
in order to retake the picture regardless of the reason of 
failure. 
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QUIZ 


. The majority of photographs made of personnel are 


a. profile or three-quarter view 

b. for record or publicity purposes 

c. for identification purposes 

d. head-and-shoulder informal portrait 


. There are two basic requirements in identification photography: 
a. to conserve film and paper 

b. speed and quantity in production 

c. soft lighting and fast lens 

d. long focal length lens and fast shutter 


. The diaphram stops on the Photorecord camera are from 
a. f/5 to f/22 

b. f/4.5 to f/16 

c. £/4.5 to f/22 

d. f/6.3 to f/32 


. Exposures available with the Photorecord camera are 
a. 1, 1/2, 1/10, 1/25, 1/50 of a second 

b. time, bulb, 1/5, 1/10, 1/25, 1/50 of a second 

c. time, 1,. 1/2, 1/5, 1/10, 1/25 of a second 

d. time, bulb, 1/2, 1/5, 1/10, 1/20, 1/50 of a second 


. The Photorecord camera 100 foot magazine is sufficient for 
a. 800 double frame exposures 

b. 1,200 single frame exposures 

c. 1,200 single frame or 600 double frame exposures 

d. 600 double frame or 800 single frame exposures 


. The basic exposure for the Photorecord camera for speed group 50 
film is . 
a. 1/50 second at f/4.5 
b. 1/20 second at f/8 
c. 1/25 second at f/6.3 
d. 1/10 second at f/8 
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7. For HEAD-AND-SHOULDER size pictures, the focal length of the lens 
should be equal to the 


a. diagonal of the film used 

b. total square inches of the film used 
c. sum of two adjoining sides 

d. longest dimension of the film used 


8. For HALF-FIGURE picture, the focal length can be 
a. long or short focal length 
b. a medium telephoto lens 
c. any focal length 
d. long or medium focal length 


9. Placement of the modeling light is important in portraiture. 
FRONT or FLAT lighting 


a. is suitable for most subjects 
b. makes the face appear broad 
c. is comparable to sunlight 

d. makes the face appear slender 


10. The purpose of the fill-in light is to soften or lighten the shadow 
areas. The ratio of the fill-in light in relation to the main or model- 
ing light should be 


a. 1 to3 
b. 4 to 1 (Two full stops) 
c. 3 tol 
d. 2tol 


11. When the subject’s head is turned away from the camera, the 
modeling light is usually placed 


a. at the axis of the lens 

b. on the side of the face near the camera 
c. at or near eye level 

d. on the side to which the head is turned 


12. By turning the subject’s head away from the square of his shoulders, 
which of the following is achieved? 


a. Separation from the background 
b. A feeling of motion 

c. A static pose 

d. A larger head size 
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13. 


14. 


15. 


16. 


17. 


In order to obtain separation between the subject and the back- 
ground, you should use 


a. crosslighting 


b. flat lighting to reduce contrast between the subject and back- 
ground 


c. a higher camera angle 
d. a background light for tonal contrast 


In formal portraits, the eyes should 

. be directed into the lens 

. follow the same plane to which the nose is directed 
be in the center of the finished print 


2° 7 f 


. contain two catch lights 

In making a head-and-shoulder portrait, the point of focus should 
be 

on the tip of the subject’s nose 

. on the ear nearest the camera 

at the axis of the lens 


SiG: oss 


. on the subject’s eyes 


In portraiture the height of the modeling light in relation to the 
subject is determined by the 


a. prominence of the subject’s eyebrows or recession of the eyes 
b. length of the subject’s nose 

c. size of the subject’s head 

d. prominence of the subject’s chin and ears 


In portraiture, the position of the modeling light is determined by 
the 


a. length of the subject’s face 
b. shape of the subject's face 
c. size of the subject’s mouth 
d. camera position 
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CHAPTER 





MOTION PICTURE ORIENTATION 
IMPORTANCE OF MOTION PICTURES 


Motion pictures and their uses are on the increase in the 
military fields today. Each day new fields are opened 
through this medium at test centers, development areas, 
scientific research laboratories, and educational facilities. 
Therefore, dissemination and distribution of the latest in- 
formation reach the fleet in a relatively short time through 
motion pictures, whereas it would take untold time to cover 
a small field with written material. 

The training of personnel with motion pictures has steadily 
increased in the past few years. Instead of straight book 
learning, we now have the combination of the written 
material and training films. The two used in conjunction 
create greater interest, a better understanding of a subject, 
and a thorough coverage of the material. 


Training 

Training films or motion pictures, when used properly, 
will assist an instructor in teaching and explaining difficult 
points to the trainee that would almost be an impossibility 
to describe orally or through the medium of visual aids 
alone. Motion pictures, either silent or sound, tend to 
create a greater incentive for all personnel to learn and under- 
stand their task. Motion pictures also aid greatly in elimi- 
nating the boredom of learning theory from books or other 
prepared material. 


News 
Each day throughout the world, military photographers 
cover all types of events. Realizing that news is only news 
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when it is made, it is a prime requisite to obtain photographic 
coverage and submit it to the public for viewing as soon as 
Possible. Once the news is several days old, it takes on a 
form of history and the news value is lost. 

Navy photographers must be prepared to ‘“‘shoot”’ on the 
shortest notice. For this reason, camera parties are located 
strategically throughout the fleet, and become the eyes of the 
world. In the course of a day, photographers may cover 
such events as an inspection, a change of command, the 
arrival of VIP’s (Very Important Persons), conferences, 
Personal interviews of high ranking officers, personnel inter- 
views of on-the-spot news which later may be used on local 
TV stations, testing of the latest types of aircraft, and the 
takeoff and landings of various types of experimental aircraft. 


Research 


In fields of research, the Navy cinematographer (motion 
picture cameraman) may find himself working side by side 
with professional men in the fields of science, ordnance, 
physics, and medicine. Great strides have been made in 
the field of nuclear physics by the use of high-speed motion 
picture photography. Test centers established by the Navy 
call for Navy photographers with experience in motion 
picture photography as well as ground and aerial photog- 
raphy. 

Gunnery 


Motion picture photography in the field of gunnery and 
ordnance has seen extensive use throughout the fleet, both 
ashore and afloat. Air-to-air motion picture photography 
as well as ground-to-air motion picture photography serves 
as a useful aid in the field of training. It has a vast potential 
in the field of intelligence during actual combat operations. 
Motion picture photography used in the development and 
testing of rockets and guided missiles proved to be a definite 
asset to the designers and technicians in perfecting control 
over the missiles used. 

Motion picture film used to evaluate the training progress 
of pilots in strafing, air-to-air combat, bombing, and drone 
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firing has proven invaluable. As is known by all photog- 
raphers, film is the cheapest commodity as long as the story 
is recorded. However, proper coverage can do the task 
assigned thoroughly without the unnecessary waste often 
incurred by the trainee cinematographer. 


Terminology 


Some of the most common terms used in motion picture 
photography are: 

ANGLES, CAMERA.—Various positions of the camera in 
relation to the subject. 

APERTURE.—Opening in the film channel which permits 
and limits the size of the image formed on the film by the lens. 

Back LIGHTING.—Key light that falls on the back of the 
subject. 

Base.—Transparent ribbon on which the emulsion is 
coated to make a motion picture film. 

Cincu1nc.—Abrading and damaging coils of film on a reel 
by pulling the loose end while holding the reel stationary. 
CINEMATOGRAPHY.—The art of taking motion pictures. 

Ciaw.—Hooked member of the pull-down mechanism 
which engages the film perforations.. 

CLosEuP.—Picture made with the camera close to the 
subject to show detail in the subject. 

Continuity.—The plan and order of shots in a motion 
picture. 

Enitinc.—Cutting apart, rearranging, and splicing movie 
scenes to secure proper order and scene length. 

Evitor.—A device for viewing the film during the editing. 

FLaT LIGHTING.—Illumination that comes directly from 
behind the camera. 

Frame.—A single still photograph in motion picture film. 

Harp LicutinGc.—I]lumination which produces sharp, deep 
shadows on the subject. 

INTERMITTENT MOVEMENT.—Mechanism in @ camera or 
projector which causes the film to move past the aperture 
one frame at a time instead of in a continuous flow. 

LeEADER.—Film supplied at the beginning and end of a 
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roll of film to facilitate threading cameras and projectors and 
to protect the usable film from light damage. 

Lone Focus LENS.—Lens of a long focal length to secure a 
t. elephoto effect. 

Lone sHot.—Distant and full view of the subject. 

Loop.—Slack portion of the film between sprockets and 
#2 perture which absorbs the shock of the intermittent move- 
iment imparted by the pull-down claws. 

MAGAZINE CAMERA.—A camera which accepts film already 
loaded in a special chamber to eliminate threading. 

MeEpriuM sHoT.—A picture taken at a medium distance 
from the subject; alwavs between the long shot and the 
closeup. 


PaRALLAX.—Amount of offset between the lens axis and 
the viewfinder line of sight. 


Raw FitM.—Unexposed and undeveloped motion picture 
film. 

REVERSAL FILM.—Film which is processed first. to a nega- 
tive and then, by controlled re-exposure and redevelopment, 
changed into a positive. 

SEQUENCE.—Short series of scenes related to each other 
and on one subject. 

SPLICE.—Joint where two sections of film are fastened 
together by overlapping and cementing. 

TraAILER.—A short film advertising a coming attraction. 


HISTORY OF DEVELOPMENT 


Motion pictures, as we know them today, are relatively 
new. History tells that the illusion of motion goes back to 
the days of Pharaoh, some 3,000 years ago, when he had 
statues placed between massive columns. These statues, as 
they progressed from the first to the last, were carved so 
that one arm was progressively rising from the side, up to 
a full salute, and then back down to the side position. 
Pharaoh, riding past, was able to see through the illusion of 
motion what appeared to be the statue’s salute to him. 


The number of statues used is not known today, but some 
of the columns still stand. 
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Few people realize that as long ago as 1833, men were 
striving to create something mechanical that would tell a 
story by projection of images and have it in moving form. 
At this time, W. G. Horner invented the zoetrope or what 
he called the ‘“‘Wheel of Life.” This gave the first illusion 
of motion from drawings. The device was a revolving drum 
with slots along its outer edge. Drawings were designed to 
show the different phases of the subject’s action and placed 
inside the drum opposite the slots. By rotating the drum 
and viewing through these slots, the drawings merged into 
an illusion of motion. 

In 1878 Edward J. Muybridge was credited with the first 
analysis of motion photographically. Muybridge set up 24 
wet plate cameras along a racetrack with strings attached 
and stretched across the track. A horse running down the 
track, breaking each string, produced 24 consecutive photo- 
graphs. The results were then shown on an uprover 
model of the zoetrope. 

George Eastman, the founder of the Eastman Kodak 
Company, and the Reverend Hannabel Goodwin, each 
working independently, conceived the idea of a light sensitive 
emulsion on a thin flexible transparent celluloid. This was 
the first “ribbon of film.’”’ This event took place in 1888, 
and one year later George Eastman began to manufacture 
rollfilm for Eastman Kodaks. 

A large number of men, too numerous to list here, were 
working on a machine to reproduce motion. However, such 
men as Edward Muybridge and Thomas Alva Edison of the 
United States and the Lumiere brothers of France spent 
hours attempting to overcome this challenge. 

The major obstacle that had to be overcome was the PEr- 
SISTENCE OF VISION. The optic-nervous system of the human 
retina allows all human beings as well as most living creatures 
to see motion. Actually this optic-nervous system allows 
an image to be retained for a fraction of a second after the 
eye has been closed and the image shut off. This retaining 
power is known as persistence of vision. As near as mechan- 
ically possible, it is rated at a fiftieth part of a second in 
comparison to the shutter of a camera. Taking this factor 
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into consideration and striving to create a mechanism that 
would match this persistence of vision, Thomas Edison, in 
1895, produced a machine called the Kinetoscope. This 
machine reproduced photographically to the viewer what 
had previously been recorded on the film by a camera. 
George Eastman made the film for Edison, and though 
Edison is referred to as the founder of motion pictures, he is 
not credited with inventing the camera. His machine for 
taking the pictures was called the Kinetographic. The 
Lumiere Brothers in France purchased an Edison Kineto- 
scope and developed their own camera, calling it the Cinema- 
tograph. Their improvements made it possible to photo- 
graph, print, and project motion pictures. 

Credit for the United States invention of the projector 
goes to Thomas Armat. Edison’s films needed the new 
projector Armat had designed so Edison marketed the 
Armat projector and called it the Vitascope. 


Principle of Motion 


Let us once again go back to the illusion of motion. For 
example, if you look at a bright light and suddenly drop an 
opaque shutter over it, the actual light is cut off; but your 
eye and brain retain the image for a brief instant. In 
motion pictures, a series of still pictures, each slightly differ- 
ent from the preceding one, is projected in rapid succession ; 
each frame (picture) is viewed individually with a black 
interval between. Your persistence of vision carries the 
visual image through the black interval and merges the 
pictures, or rather their images, together, thereby creating 
the illusion of motion. 


Basic Camera 


A motion picture camera is a mechanical device capable of 
photographing action in a rapid succession of pictures on a 
ribbon of film. All motion picture cameras have four basic 
parts; a light-tight compartment, a lens or lenses, a shutter, 
and a film holder or focal plane. These four basic parts are 
primarily the same as in still cameras, with the exception of 
the shutter. The shutter, in most motion picture cameras, 
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is of the focal plane type, called a rotary dish shutter. It 
has a segment cut out, giving a light and a dark cycle. Erx- 
posure is made during the light cycle, and the film is advanced 
during the dark cycle. 

Two additional features of the motion picture camera are 
the FILM DRIVE MECHANISM and the INTERMITTENT ACTION. 
The film drive mechanism transports the film continuously 
from a supply spool (unexposed film) to a take-up spool 
(exposed film) by means of toothed drive sprockets. The 
drive sprockets engage the film perforations along the 
edge(s) to engage the sprocket teeth. These sprocket teeth 
are often called PULL-DowN cLaws. These claws are in 
cameras as well as projectors. Information on film sizes and 
types of perforations will be given later in this chapter. 

The second feature, intermittent action, can also be called 
the stop and go action. This action is created by a mech- 
anism that advances the film one frame at a time at the film 
gate. In cameras, this is accomplished by the pull-down 
claws that intermittently engage the film by means of the 
perforations to pull the film down one frame at a time, dis- 
engage from the perforations, and move up to repeat the 
operation. 

During the operation, the individual exposures are made 
when the film is held in place by a pressure plate. Some 
cameras also have registration pins to further aid in the 
correct alinement of the film during exposure. All pressure 
is removed from the film when the pull-down claws re-engage 
the perforations in order to advance the film to the new 
frame. Each picture area in a motion picture camera is 
referred to as a FRAME and the speeds at which the camera is 
operated is spoken of as FRAMES PER SECOND (f. p.s.). This 
will be discussed later in this chapter. 

The portrayal of all normal action is obtained on the 
screen when the camera taking speed and the rate of projec- 
tion are the same. The standard taking and projection 
speeds are 24 f. p.s. It is possible and sometimes necessary 
to take motion pictures slower or faster than 24f. p.s. This 
is done when it is desirable to either slow down or speed up 
the motion on the screen. However, camera speeds slower 
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than 24 f. p. s. will increase the space of movement between 
f2x-ames and produce what is known as FLICKER on the screen. 
"Ihe greater lapse of time between frames and subject action 
1s visible because image motion between frames is not smooth 
On the screen. To portray a subject in slow motion, the 
©ameraman must shoot the subject action at speeds faster 
than 24 f. p. s. and project the film normally. To speed up 
a. ction, the subject is photographed at a slower speed than 
24 f. p.s. and projected normally. 

All changes in subject action on the screen should be done 
with the camera and not in the projection of the motion 
| picture. 

Camera speeds in the thousands of frames per second are 
used at test centers to measure the fall of liquids, the speed 
of objects in flight path, or the area covered by a bursting 
bomb. When these films are projected at normal speed, 
24 f. p.s., the viewer can study each detail of the subject 
matter and obtain accurate data from this study. 

During one cycle of operation of a motion picture camera, 
the following action takes place. First, the film is advanced 
by the film drive mechanism sprockets. Then, the inter- 
mittent action advances the film 1 frame at a time. The 
film is now stopped momentarily while the shutter revolves 
once, thereby making the exposure. This cycle is repeated 
24 times within each second. Due to the film moving in an 
intermittent fashion, it is also necessary to have an allow- 
ance of film in the proper place, because as the film is con- 
stantly fed into the camera as well as being taken upon the 
take-up spool, stopping also.to be exposed, it must not shorten 
or tighten which would cause the film to break. 

The possibility of film breakage or torn perforations is 
overcome by having film loops at the proper places both 
before and after the film gate to absorb the shock of the 
intermittent action. 


Projection Principles 


Now that the basic principle of the motion picture camera 
has been described, the principle of film projection will be 
discussed. The efforts of many men and hours of work can 
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be ruined by carelessness or lack of understanding of a pro- 
jector. | 

What happens in a motion picture projector? A great 
deal takes place, but basically it is now undoing what the 
camera has done. The camera has recorded the action; now 
the projector is used to return the subject’s action to a 
screen. The film ribbon of still pictures, each slightly differ- 
ent, is transported through the projector. Each frame stops 
momentarily at the aperture. A beam of light is transmitted 
through the frame to the screen. This beam must be inter- 
rupted to produce apparent motion. Between the frame 
and the lens is a rotary shutter, which has two open and 
closed sections. As each frame remains stopped, the 
shutter revolves once. Two screen images of each frame 
are projected to the screen by the projection lens, giving us 
48 flashes of light per second, at a projection speed of 24 
f. p.s. This is well within the limits of persistence of vision. 

The sound track is recorded along one edge of the film. 
A beam of light strikes the sound track, and a photoelectric 
cell picks up varying light intensities as transmitted through 
the sound track. The photoelectric cell produces varying 
electrical impulses which pass through the amplifier. The 
amplifier builds up these electrical impulses for the speaker 
where actual sound waves are reproduced. 

The basic parts of all motion picture sound projectors 
(fig. 17-1) are the same. All have a body or frame, film 
supply and take-up spaces, the intermittent drive mechanism, 
a rotary shutter, film drive mechanism, projection light 
source, projection lens, a sound reproducing system, and the 
various switches and controls. Some have the amplifier 
system built in with the projector body while others have 
separate units. The speakers are generally separate and 
placed near the screen. Various power leads, speaker 
leads, microphone connections, and the like make up the 
complete outfit. 

_ Projectors are made by a number of different manufactur- 
ers. They incorporate features specifically designed for 
their product. Some projectors offer features such as better 
lenses, automatic stopping in case of film breakage or loss of 
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Figure 17-1.—The projector. 


loops, smooth and quiet operation, reverse projection, a 
cooling system, portability, and many others. 

Although projectors are delicate instruments designed to 
give good service with reasonable care, it is necessary to 
clean and lubricate them periodically. Before each use, 
the projection lens surfaces, the aperture, all film rollers, and 
the film guideways should always be cleaned with a soft, 
cotton, lintless cloth. For particularly dirty metal surfaces, 
use either carbon tetrachloride or alcohol. Never use a 
metal object to clean a projector. To lubricate, use 3 to 5 
drops of recommended oil or Navy oil, general-purpose, low- 
temperature, lubricating, Specification AN-O-6. Oil after 
every 25 hours of operation on the internal mechanism oil 
wells. The supply spindle and take-up spindle will require 
1 or 2 drops every 75 hours of operation. Do not use oil to 
excess, but assure proper lubrication to maintain long, 
smooth, and quiet operation. 

Projection light sources are either of the prefocused (bases 
designed to assure filaments being parallel with the film) 
tungsten filament or carbon arc lights. The tungsten lamps 
are used in the smaller projectors whereas the carbon arc 
lamps are used for large theaters because of their high in- 
tensity of white light and relative coolness of operation. 

Projection lenses have focal lengths depending upon the 
screen size and the distance from the projector to the screen. 
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Figure 17-2.—Projector mechanism. 


In 16mm projectors, lenses are usually from % inch to 4 
inches in focal length while 35mm lenses are from 2 inches to 
8 inches in focal length. 

Motion picture projector shutters are rotary shutters, of 
the butterfly type, having two open and closed sections. 
The open sections allow the light, transmitted through the 
film, to be projected by the projection lens. The shutter 
revolves once for each frame and therefore 2 screen images of 
each frame are seen. According to the persistence of vision, 
we are less aware of flicker between light and dark images 
when the number of screen images approaches 50 per second. 
The limit of the average person’s persistence of vision is 
approximately 1/50 of a second. Hence, the picture appears 
continuous without a loss of motion when projected on the 
Screen, 


Sot ree 








The intermittent action is necessary in the projectors the 
same as it isin the cameras. Since the film must be stopped 
to be projected and then moved one frame at a time, this 
is accomplished by pull-down claws in some projectors. 
However, a more efficient mechanism known as the GENEVA 
DRIVE is used in other projectors. The Geneva drive is 
simply a toothed sprocket that rotates intermittently one 
quarter of a turn at a time. The film perforations engage 
the teeth of the Geneva drive as each frame is advanced and 
stopped in the projector aperture. 


To properly operate a motion picture projector, the pro- 
jectionist must know his equipment, make certain that the 
projector is clean, understand thoroughly all controls, and 
properly thread the machine. Prior to threading film for 
sound projection, the following checks must be made: 


. Clean the projection lens. 
. Clean the aperture plate and the aperture. 
. Clean the film guide rollers and guideways. 
. Clean the sound lens and aperture. 
. Check the power supply. 
. Turn the amplifier ON to preheat. 
. Set the VoLtuME ControL and ToNnE ContTrRo. at 
NORMAL unless experience has proven other settings are 
better. 

8. Turn on the projection lamp for checking. 

9. Check the feed and take-up springs for proper posi- 
tioning. | 

10. Check the film for correct wind. The image will be 

UPSIDE DOWN, emulsion toward the screen for reversal film. 
If your film is the printed positive, the emulsion will be to- 
ward the projector lamp. The title will be upside down and 
will read from right to left. The sound track will be on the 
operator’s side. 


NO OR GO Ne 


The film must be in good condition, clean, wound cor- 
rectly, and ready for projection. In threading film, proceed 
as follows: 

1. Place the reel of film on the supply spindle. 
2. Lock the reel on the spindle with the lock finger. 
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3. Reel off a sufficient amount of leader to completely 
thread the projector. 

4. Open the roller guides on the drive sprockets. 

5. Open the aperture. 

6. Feed the film onto the first film drive sprocket, seat the 
perforations on the sprocket teeth, and close the guide roller. 

7. Follow the projector’s threading diagram to the 
aperture. 

8. Position the upper loop. 
9. Thread through the aperture; the film perforations 
must engage the pull-down claws or Geneva drive sprocket. 

10. Reseat the aperture. 

11. Position the lower loop. 

12. Thread through the sound gate. 

13. Feed film on the take-up drive sprocket, seat perfora- 
tions on the sprocket teeth, and close the guide roller. 

14. Place the end of the leader into take-up reel core. 

15. Remove slack from leader. 

16. Recheck the threading. 

After the showing, the film must be rewound. Most 
16mm projectors have provisions for rewinding on the supply 
spool simply by placing the trailing end up into the supply 
reel spindle, turning on the rewind switch or by changing the 
take-up spring, and turning on the motor switch. The film 
is generally rewound after each reel; however, the complete 
showing may be projected and the rewinding done after- 
wards. 

Sound is placed on film by means of a sound track, by what 
is known as either the VARIABLE AREA METHOD or the vaRI- 
ABLE DENSITY METHOD. It is printed along one edge of the 
film. On 35mm film, it is inboard of the perforations and 
between the picture image. On 16mm sound film, there are 
perforations on one side of the film only and the sound track 
is printed on the opposite side where the perforations have 
been omitted when the film was first manufactured. 

All laboratories have Technical Instructions as well as 
Technica] Bulletins that describe the various projectors, and 
each projector also has an instruction booklet enclosed by the 
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Figure 17-3.—Projector set up to receive the film. 


manufacturer. Study this booklet and become familiar 
with the projector prior to attempting film projection. 


AUTOLOAD CAMERAS 


Equipment is to a photographer what a micrometer is to a 
machinist. It will perform exactly as is necessary only if the 
operator knows how to take care of the equipment, how to 
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handle delicate instruments, and most of all when to leave it 
alone should it have a malfunction or a breakdown. 

Navy motion picture cameras come in many shapes, 
sizes, and price ranges. In order to acquaint you with the 
various types, they will be described in the fullest detail. 
A good photographer who knows his equipment and how to 
use it can produce good quality motion pictures regardless of 
camera model or price range. 

Actual handling along with detailed instructions would be 
the best method of learning the equipment. However, hav- 
ing a source of reference material at hand when first learning 
will enable you to check and recheck yourself to make certain 
you are doing things right. 

The two Autoload cameras described are known as the 
Eastman Magazine Cine-Kodak and the Bell and Howell. 
Both employ 16mm film sizes and they are capable of expos- 
ing one 50-foot magazine at a time. 

Most motion picture cameras are loaded with film wound 
on spools. These spools are either placed inside the camera 
body or threaded through the camera and on a take-up spool. 
When the film supply has been entirely exposed, the loading 
Operation is repeated. Some models have external maga- 
zines. They handle a larger roll of film, but the film must 
still pass through the same inner parts of the camera. 

The cameras that we are discussing use a different system. 
They are MAGAZINE type cameras because the film is inside a 
separate magazine that is inserted into the camera. Most 
of the magazines are loaded by the film manufacturer. It is 
possible to reload them locally, but it is seldom that the 
Navy photographer has to reload magazines of this type. 
Therefore, most magazines, after being exposed and pro- 
cessed, are returned to the film manufacturer. The manu- 
facturer, in turn, loads them and reissues them on order to 
the main stock centers. 


Bell and Howell Autoload Camera 


This camera (fig. 17-4) is a magazine loading camera, 
normally handheld, of the 16mm type, and is designed to 
use a 50-foot internal film magazine. The film is always 
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Figure 17-—4.—The Bell and Howell Autoload. 


completely contained within the magazine, and is advanced 
from the feed spool past the exposing aperture and to the 
take-up spool by the camera and magazine mechanism. 
The magazine fits into a chamber of the camera and is 
accurately positioned and securely held in place during 
use. 

The driving power for the camera is furnished by a man- 
ually wound spring within the camera body, which drives 
the camera mechanism and the mechanism which is within 
the film magazine. The camera mechanism includes the 
speed controlling governor, the film advancing shuttle, and 
the exposing shutter. The mechanism within the magazine 
consists of the feed spool, the film advancing sprocket, the 
aperture plate and gate structure, and the take-up spool. 

The magazine is coupled to the camera mechanism by a 
driving clutch which automatically engages when the maga- 
zine is inserted. The camera is equipped with a positive- 
type viewfinder, enclosed within the camera frame. View- 
finder objectives, to match the lens being used, are 
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interchangeable. The camera comes equipped with a 1-inch 
f/1.9 lens. Other lenses supplied with the camera are 
interchangeable. 

ACCESSORIES.—A carrying strap and plate assembly is 
located on the bottom of the camera and serves as a means 
for holding the camera when taking pictures. Supplied as 
accessories to the Autoload is the following equipment: a 
carrying case, a 17mm lens and a 3-inch lens, positive finders 
for these 2 lenses, and 3 filters, all being of glass and of the 
2X series. 

Winding of the spring motor is accomplished by means of 
a permanently attached nonrotating key and plate assembly 
located on the side of the camera. (See fig. 17-4.) 

A speed control knob assembly is located on the side of 
the camera and is calibrated at 16, 24, 32, 48, and 64 f. p. s. 
The movement of the knob from one speed to another moves 
the governor brake-shoe assembly into direct relation to the 
governor friction disk, thus permitting the governor to 
operate at the desired speed only. 

The starting button and slide assembly is located at the 
front of the camera. However, the starting mechanism is a 
part of the complete mechanism assembly. The camera is 
started and stopped by the starting button which may be 
pressed up to provide for single exposures. If the button is 
pressed up, the camera exposes one single frame of film for 
each upward motion of the starting button. If the button 
is pressed down until resistance is felt, the camera will run 
as long as the button is held down by the operator, and will 
stop when the button is released or when the full spring 
motor capacity is exhausted. If the button is pressed 
beyond the point where resistance is felt, it will latch in the 
DOWN position and the camera will continue to run until 
the button is released by the upward pressure or the wind is 
exhausted. It then requires the operator to return the 
button to the OFF position. 

The shutter assembly is a rotary disk type, has a 135- 
degree opening, and will give an exposure of 1/64 of a second 
at the camera speed of 24 f. p. s. The shutter is designed 
to give an exposure to all portions of the picture frame and 
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Figure 17-5.—Magazine being inserted in film chamber. 


is assembled to the mechanism so the closed segment of the 
shutter will cover the aperture opening when the starting 
button is released. Later in this chapter a formula for com- 
puting the shutter speed at all frames per second, regardless 
of the type camera, will be given. The only factor needed 
is the actual rated shutter-degree of the camera to work 
this formula. 

The film chamber is designed to accommodate a 50-foot, 
16mm daylight loading magazine. As the magazine is 
pushed into the film chamber, its aperture is automatically 
uncovered; and as it is withdrawn, the aperture is again 
sealed, thus preventing fogged film. The slide in the 
magazine is operated by the magazine slide operating spring, 
and the magazine top pressure spring holds the magazine in 
position. (See fig. 17-5.) 

A door and lock assembly located at the rear of the camera 
provides access to the film chamber. The door is inter- 
locked with the camera mechanism. The camera will not 
operate unless the door is properly closed. 
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In the center of the exposure calculator, located on the side 
of the camera, is a circular footage indicator window through 
which the footage dial on each magazine is visible. The 
magazine footage dial always indicates the unexposed film 
footage remaining in the magazine. 

The viewfinder tube is the positive type, completely en- 
closed in the camera frame. It gives an erect, correct image 
of the scene being photographed, with a sharp mask showing 
the exact image being photographed on the film. 

A positive viewfinder objective is used in conjunction with 
the viewfinder tube and screws into the front plate and slide 
assembly. Objectives of different focal lengths to match the 
lens being used are interchangeable. 

The lenses used have screw-type mounts and are quickly 
interchangeable, permitting the selection of lenses of various 
focal lengths and speeds. 

TEST OPERATION.—In the preparation for use, first remove 
the camera from the carrying case, screw the desired lens 
into position, and then screw a viewfinder objective to match 
the lens being used into the finder seat. 

Hold the camera in the left hand, raise the key and plate 
assembly (fig. 17-4), and turn it counterclockwise until a 
definite stopping point is reached. Then fold the key flat 
against the side of the camera. Each full winding provides 
power for a run of 12% feet, more than enough for two scenes 
of average length. 

It is well to wind the camera after every scene to insure 
having available the full motor capacity should a scene of 
unusual length suddenly present itself. 

To open the camera door and lock assembly for loading and 
unloading, press the two door latches together. The door 
swings open easily, and the film magazine is inserted and 
pushed home. Each film magazine is plainly marked as to 
the end which is toward the lens and the side which is toward 
the operator. The green window is on the left side and the 
film label is toward thelens. The door is interlocked with the 
mechanism so that the camera will not operate unless the 
door is properly closed. As the magazine is pushed in, its 
aperture is automatically uncovered. As the magazine is 
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withdrawn, the aperture is again sealed, thus preventing 
fogged film. When the magazine is firmly seated and the 
door closed, press the starting button and slide assembly 
upward two or three times to make certain that the shuttle 
tooth is engaged in the film perforations. 

If the camera is to be used on a tripod, remove the carrying 
strap and plate assembly by unscrewing the large knurled 
head screw. Securely screw the camera onto the tripod. 

MAINTENANCE.—Maintenance of any camera is very im- 
portant. However unless the cameraman knows exactly 
what to do, he can easily damage a delicate camera in a few 
seconds. There are no special tools required for the daily 
or yearly service inspection and maintenance of this equip- 
ment. The camera body requires very little attention other 
than regular cleaning. No lubrication other than that given 
at the time of the yearly inspection is necessary. There 
should be no occasion to disassemble the camera except at the 
time of yearly inspection unless unforeseen mechanical 
difficulties develop. 

A daily inspection is a Must and consists of a thorough 
check of all parts and equipment. The lenses, viewfinder 
objectives, the viewfinder tube, and filters should have their 
exposed parts inspected for dirt, oil haze, and fingermarks. 
The camera aperture is accessible through the film magazine 
chamber. Remove the lens, run the camera mechanism 
until the spring motor is completely run down, and the shut- 
ter does not cover the aperture opening. Open the camera 
door and sight through the magazine chamber. The aper- 
ture opening must be perfectly clean and free of dirt. 

Check the magazine chamber for cleanliness. For a better 
understanding of how and what to do in the daily inspection, 
use the following procedure: 

To remove the camera lens, grip the lens by the ring 
nearest the front plate casting, and unscrew in a counter- 
clockwise direction. Do NoT TAKE THE LENS APART, but 
should the lens be fouled or damaged, replace with a new one 
when necessary. With the lens removed, the exposed surface 
of both the front lens element and rear lens element is accessi- 


ble for cleaning. 
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With a small camel’s-hair brush, carefully remove all dust 
from the surface of the lens element. Use a small piece of 
lintless cloth and moisten one corner with lens cleaning fluid. 
With a circular motion, wipe the lens with the moist portion 
of the cloth, working from the center to the edge of thaglass. 
Wipe the glass dry with an unmoistened portion of the eloth. 
Breathe lightly on the glass and wipe the surface with special 
lens cleaning tissue, again using a circular motion from the 
center to the edge of the glass. Polish briskly, using very 
little pressure. 

To clean the viewfinder objective, unscrew the finder ob- 
jective and clean in the same manner. 

With the finder objective removed, the front end of the 
viewfinder tube is accessible for cleaning. The eyepiece end 
of the tube can be seen through the rubber eyeshade assembly 
at the rear end of the camera. Follow the same procedure 
for cleaning as that outlined for the lens. Do Not piIsassEem- 
BLE THE VIEWFINDER TUBE, BUT REPLACE AS A COMPLETE 
ASSEMBLY WHEN NECESSARY. 

The glass filters should be also cleaned the same as the 
camera lens. The camera aperture, which is accessible 
through the film chamber via the rear door, should be in- 
spected immediately after every film is exposed, and should 
be cleaned if any dirt or film emulsion has collected around 
its edges. Foreign matter should be brushed off immediately 
with the brush supplied with the camera. Never use a hard 
instrument for removing dirt from the aperture. Foreign 
matter which sticks may be removed with a swab of lintless 
cloth or lens cleaning tissue placed on the rubber end of a 
pencil and moistened slightly with alcohol. 

The magazine chamber can be cleaned with a brush or a 
small cloth moistened with carbon tetrachloride. The exte- 
rior surfaces of the camera can also be cleaned with a cloth 
moistened with carbon tetrachloride. 

This description of the Bell and Howell Autoload is quite 
thorough yet there is more detailed information available in 
the Handbook of Instructions concerning this camera. Copies 
are available in most laboratories and should be referred to 
whenever any question exists about this camera. 
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Figure 17-6.—Eastman Magazine Cine-Kodak. 


The Eastman Magazine Cine-Kodak is also a 16mm, day- 
light loading, magazine-type, silent motion picture camera 
for use in general photography. (See fig. 17-6.) The camera 
is equipped with an f/1.9 Kodak anastigmat lens with a 
25mm focal length. 

The use of the film magazine in this camera also allows 
rapid changeover from black-and-white to color film without 
the loss of film simply by removing the daylight loading 
magazine. 

Other features are as follows: 

1. An eye-level viewfinder, adjustable to show the fields 
covered by various lenses. 

2. Three operating speeds of 24, 32, and 48 f. p. s. 

3. A locking exposure lever. 

4, An automatic shutoff which stops the camera before 
the motor is run down. 
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5. A pulsating button which helps gage scene length. 

6. A footage indicator which indicates the number of 
feet of film remaining unexposed. 

7. A universal exposure guide which permits the rapid 
selection of lens settings under varying light conditions, 
camera speeds, or type of film. 

8. A carrying case suited to fit the camera as well as 
accessory lenses, filters, and additional magazines of film. 

9. Accessory lenses of 15mm, 50mm, 63mm, 102mm 
and 152mm can be obtained for this camera. 

The handle and viewfinder assembly is attached to the 
top of the camera where it provides a means of carrying the 
camera as well as an eye-level viewfinder. (See fig. 17-7.) 
The viewfinder has a sliding negative lens which makes it 
possible to adjust the finder to show the field covered when 
the accessory lenses are used. When not in use, the handle 
and viewfinder assembly can be folded down. 


CARRYING HANDLE 





Figure 17-7.—Magazine Cine-Kodak viewfinder and handle assembly. 


The case is made of metal with a black leather covering. 
All outside fittings are finished in dull black. 

Attached to the right side of the case (fig. 17-8) is the 
winding handle which is held tightly against the case by 
spring tension when not in use. When it is used for winding 
the mechanism, it can be swung out and turned as a crank. 
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Figure 17-8.—Magazine Cine-Kodak winding handle and trigger. 


Located on the same side of the case as the winding 
handle is a small button which pulsates twice during the 
taking of one foot of film. (See fig. 17-8.) By feeling 
the throbs, the operator can gage the number of feet of film 
exposed on any particular scene. 

The trigger is located on the front of the right-hand side 
where it is easily operated while holding the camera at 
eye level. (See fig. 17-8.) It can be operated as a snap 
trigger by pressing it only part way down or it can be locked 
in the run position by pressing it completely down. The 
automatic shutoff will stop the motor before it is entirely 
run down. 

The camera speed plate is attached to the front of the 
case directly below the lens. (See fig. 17-6.) The button 
of the governor control arm extends through’ the slot in 
the plate. By means of this button the camera can be 
set to run at any of the three speeds inscribed on the plate. 

There is an opening in the left side of the case which is 
covered by the footage window. (See fig. 17-9.) The 
number of feet of unexposed film remaining in the magazine 
is indicated on the magazine film meter which can be read 
through the footage window. It has been found that 
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Figure 17-9.—Magazine Cine-Kodak footage window and exposure guide. 


there are times when the magazine film meter is not accurate 
and thereby will give a false reading of the unexposed film 
left in the magazine. Therefore, when shooting, it is strongly 
recommended that a count be kept of the pulsations felt 
by the index finger of the right hand and the footage used 
deducted from the 50-foot magazine capacity. This pro- 
cedure will prevent the film from running out unexpectedly, 
which could ruin an important scene. 

Attached to the left-hand side of the camera is a universal 
exposure guide. This guide permits the operator to select 
the correct lens opening for any camera speed under varving 
light conditions. A card is furnished with each magazine 
of Eastman Kodak film. This card may be inserted in 
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LENS LOCATING 
PLUNGER 


Figure 17-10.—Lens locating plunger on the Magazine Cine-Kodak. 


the holder provided in the exposure guide. This exposure 
guide will give a fairly accurate exposure, but experience 
has proved that using an exposure meter and the formula 
that will be explained in the section ‘Principle of Exposure”’ 
will give much better results. 

TEST OPERATION.—In preparing the camera for use, re- 
move the lens unit from the camera by pressing the lens 
locating plunger (fig. 17-10) with the fingernail and turning 
the lens mount clockwise. Remove the lens shade by 
inserting the tip of the thumb in the opening and pulling 
toward the front. Clean both exposed surfaces of the lens. 
Replace the lens shade and attach the lens to the camera. 
Set the governor control arm at speed 24 f. p. s. 

Wind the motor 5 or 6 turns and then press the trigger 
down until it locks in the DOWN position. If the camera 
runs evenly and automatically shuts off before there is 
any reduction in running speed, it is ready for picture taking. 


729 


The camera operates at speeds of 24, 32, and 48 f. p. s. 
The commercial model of this camera has settings of 16, 
24,and48f.p.s. In military as well as professional photog- 
raphy, everything (be it silent or sound) is shot at 24 f. p.s. 
Also, all projectors are set up for this speed. It is only 
when desired effects or rapid or slow motion are demanded 
that there is a difference in speed. 

The film is loaded into the camera by using the same type 
magazine load. Threading or adjustment within the camera 
is not necessary. A uniform rate of exposure is maintained 
by the use of two powerful spring motors controlled by a 
governor. Before the motors completely run down, an 
automatic shutoff stops the camera. 

To load, slide the cover latch tab to the word oPpEN and 
open the cover. Slip the magazine into the camera so the 
labeled end is beneath the shutterblock magazine spring. 
(See fig. 17-11.) The pin on the top of the magazine will 
fit the notch in the cover lock slide. The rear end of the 
magazine will slant upward because it is resting on the 
ejector pin. Close the cover and slide the cover latch tab 
to the word Lock. 





Figure 17-11.—The Magazine Cine-Kodak film chamber. 
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For normal action, set the speed selection at 24 f. p. s. 
Setting the lens for focus and exposure is the same as all 
other lenses. This is done by ring settings on the lens itself. 
Sharp pictures require accurate focusing. Check the setting 
of the focusing scale before each scene is exposed. This is 
especially important when closeups are taken. When the 
subject is 2, 3, or 4 feet from the camera, measure the 
distance carefully. When the standard 25mm lens is used, 
the camera may be used as a fixed focus camera with the 
lens opening of f/5.6 or smaller if the focus is set at 25 feet. 
With these settings, all objects from about 9 feet to infinity 
will be in sharp focus. 

The viewfinder is adjustable so that it can be used for all 
lenses available for the camera. When the 25mm lens is 
used, the negative lens and finder slide must be in the for- 
ward position with the “1 in. 25mm” marking centered in 
the opening of the slide. (See fig. 17-12.) The positive 





Figure 17-—12.—Magazine Cine-Kodak viewfinder set for a 25mm lens. 
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Figure 17-13.—Magazine Cine-Kodak viewfinder adjusted for 15mm lens. 


lens on the front of the handle must be down. When the 
wide angle lens (15mm) is used, the negative lens and finder 
slide must be in the forward position and the positive lens 
on the front of the handle must be up. (See fig. 17-13.) 
This is the only lens used with this camera that will require 
the front section to be up. All other lenses will require it 
down. The only adjustment necessary is to put the rear 
slide over the proper place on the viewfinder track. The 
opening in the rear section will allow you to see when it 
is in the right position. A locating spring in the finder slide 
facilitates the positioning of the slide. 

Due to the offset of the lens and the viewfinder on this 
camera, the photographer must know about PARALLAX and 
PARALLAX CORRECTION. Table 17-1 will be a valuable 
asset when shooting closeups and should either be carried 
with you when shooting or memorized. Because the view- 
finder and the lens are separated, they cannot see exactly 
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the same view at all distances. This will appear mainly in 
closeups. To correct this condition of parallax, two pointers 
have been placed on the positive lens frame where they can 
be seen when sighting the camera. 

When the 25mm lens is used, the top pointer shows the 
top of the picture at 5 feet and the lower pointer shows the 
top of the picture at 2 feet. For example, if the subject is 
5 feet from the camera, locate the subject in the finder, then 
raise the camera until the top of the subject is just below 
the upper pointer. For other lenses use the pointers, dis- 
tances, and lenses as shown in table 17-1. 


Table 17-1.—Viewfinder correction. 


Top of picture is aot of picture is 
at lo 


at upper pointer wer pointer 
Lens _ 
When distance from lens to subject is 
15mm f/2.7___________________---- 3 feet_______- 144 feet 
Z2OMMi 8 1:9 eon oe hee ee wees ed 5 feet_______- 2 feet 
50mm 6/166 eo et oe! 8 feet______-_- 4 feet 
638mm f/2.7___.__.____._-_-.------ 9 feet_______- 414 feet 
LO2ZMM 0/257 32566 nse eh eee ee 13 feet______- 7 feet 
152mm f/4.5_._._______._._--.----- 20 feet_____-_- 10 feet 


To wind the spring motor, fit the opening in the winding 
handle over the square end of the retaining nut on the end of 
the shaft and turn the handle to the right until the spring is 
tightly wound. Leave the cover latch tab at the LOCK 
position when the camera is not in use; the mechanism will 
be locked and the motor cannot be started accidentally. 

The motor spring, when fully wound, will run the motor 
for approximately 11 feet of film. However, wind the spring 
after each scene or after each 5-to-8-foot length of film has 
been exposed. 

To start the motor, slide the cover latch tab to the RUN 
position; then press the exposure trigger about halfway down. 
To stop the motor, release the pressure. If desired, the 
trigger can be locked in the running position by pressing the 
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trigger down as far as it will go. From this position, the 
motor will shut off automatically before filming speed is lost. 

To operate this camera, hold it with the index finger of the 
right hand on the pulsating button and the index finger of 
the left hand on the trigger. Be careful not to allow any 
part of the hand to come in front of the lens. Brace the 
elbows against the body and rest the camera firmly against 
the right check. When operating this camera either hand- 
held or on a tripod, always have the cheek in this position to 
insure the correct image size when viewed through the view- 
finder. If the eye is too far from the rear of the viewfinder, 
a wrong image size will result and usually the image will be 
smaller on the screen than desired. 

Scene length in most motion pictures shot with this and 
similar cameras is about 5 feet. This would require 10 
pulsations on the pulsating button. This scene length is 
usually sufficient for average scenes in which the action is 
continuous but not changing in character. However, some 
scenes should be of greater length and others less depending 
on the nature of the subject being filmed. A series of land- 
scape shots, for example, can be of greater duration, while 
scenes which contain brief, fast-moving action can be shorter. 
Scene length will be discussed later in this chapter. 

To unload the camera, merely move the cover latch tab 
to the OPEN position, open the cover in subdued light, 
and remove the magazine. The magazine can be removed 
before the entire roll is exposed without loss of unexposed 
film. However, do not move the pin on the top edge of the 
magazine, or some of the film will be fogged. Never pull the 
tape from around the magazine or remove the two screws 
that hold it together. Once this is done, the film is either 
partially or entirely fogged. 

MaINTENANCE.—Should a malfunction or a breakdown of 
the camera occur, do not attempt to make any adjustments. 
Only qualified repairmen should do this work because it 
requires special tools, gages, and testing equipment. A 
qualified repairman is a graduate of the Camera Repair 
School, and will know what is required to repair or overhaul 
any camera. However, when it is necessary to keep the 
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camera in operation and no replacement is available, refer 
to the Handbook of Instructions. By following the instruc- 
tions, the trouble may be located and corrected. 

Cleaning of the lenses and inside of the camera are the 
same as mentioned earlier in this course. 


MOTION PICTURE FILMS 


The term film may be applied to unexposed film, to exposed 
but unprocessed film, and to exposed and processed film. 
Motion picture film is a thin flexible ribbon of material hav- 
ing perforations along one or both edges and bearing a sensi- 
tized layer or other coating capable of producing photo- 
graphic images. 


Types and Sizes 


There are two parts of the light-sensitive film—the 
SUPPORT (the base) and the PHOTOSENSITIVE MATERIAL (the 
emulsion). There are two kinds of base materials used in 
motion pictures: one is NITRATE BASE and the other SAFETY 
BASE. Nitrate film base is never used for 16mm film. It is 
combustible and a fire hazard; safety base is slow burning 
and is no more combustible than the same volume of paper. 

The manufacture of 16mm and 35mm film consists of the 
following steps: base manufacture, emulsion manufacture, 
coating the base with the emulsion, and slitting and perfo- 
rating. Film is made in wide widths and usually slit and 
perforated just prior to shipment. It is slit into appropriate 
widths (in this case 16mm) and perforated. Both the 
slitting and perforating operations must be performed very 
carefully. The film is then cut to various lengths and 
mounted on spools, cores or into magazines as required. It 
is then packed and prepared for shipment. 


Characteristics 


In 1924 when reversal film was first marketed, the number 
of available types of 16mm film was few. They consisted 
merely of one reversal type, one negative type, and one 
positive type. The volume of 16mm film manufactured 
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has since grown to the point where it is significantly larger 
than 35mm raw stock production. The increase in quality 
has been accompanied by an increase in the number of types 
available. 


There are three categories of 16mm movie films now 
available. 

ORIGINAL FILM MATERIALS 

1. Reversal film (black-and-white) for original photo- 

graphing. 

2. Color reversal for original photographing. 

3. Positive-type dyed film for variable-area sound originals. 

4. Negative film for special purposes (rarely used com- 

mercially). 

DUPLICATING FILM MATERIALS 

1. Dupe negative—fine grain. 

2. Master (dupe) positive—fine grain. 

RELEASE PRINT MATERIALS 

1. Black-and-white release positive—fine grain. 

2. Color-reversal print stock. 

3. Reversal (black-and-white) print stock. 

Reversal film is a film which after exposure is processed to 
produce a positive image on the same film rather than the 
customary negative image. If exposure is made by printing 
from a negative, a negative image is produced directly. 
Reversal films may be either panchromatic black-and-white 
or color, and either sound or silent. The reversal films are 
usually 16mm or narrower in width. As currently manu- 
factured, most reversal films are of high contrast suited to 
projection. 

Reversal film is given reversal processing. The film first 
enters a developer bath where the larger emulsion grains 
being most sensitive to light are developed. The film next 
enters a bleach bath that bleaches out the larger film grains 
just developed, leaving the remainder of the film unaffected. 
The film is next given a second exposure, or FOGGING, over 
its entire surface, exposing the finer emulsion grains that were 
unaffected by either the original exposure or the first de- 
veloper. The film next enters a second developer bath in 
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which the finer emulsion grains are developed and produce 
the blacks of the final image that appear on the film. 

As the blacks (shadows) and the whites (highlights) have 
been changed from their inverse relationship, such as that 
found in a still camera negative, the film is known as RE- 
VERSAL FILM and the development method as REVERSAL 
PROCESSING. 

Reversal films are manufactured in two general types, 
UNIVERSAL REVERSAL, which may be developed as either a 
negative or as a reversal at will; and REGULAR REVERSAL, 
which may be developed as a reversal film only. Universal 
reversal film is used primarily for duplication and not for 
direct projection. Regular reversal film is intended pri- 
marily for direct projection and not for duplication. 

Films of 16mm size are available in a variety of lengths 
other than the 50-foot magazine load. They are manv- 
factured in 50-, 100-, 200-, 400-, 800-, 1,000-, 1,200-, 1,600-, 
and 2,000-foot lengths. Present films and their emulsions 
are of good and consistent quality. Their freedom from dirt 
and other matter is remarkable. Almost all the dirt and 
foreign matter found on today’s film are acquired during 
developing and use. Hence, not only is good clean film desir- 
able, but the processing must be accomplished according to 
recommended standards so a much greater percentage of the 
quality potential will be realized. Much progress can be 
made in improving print quality if the characteristics of films 
are studied and processes of exposures and development 
accurately controlled to make the best of the film’s quality 
potential. 


PRINCIPLE OF EXPOSURE 


Exposure. What is it going to be? This question arises 
with every photographer. Correct exposure is usually the 
result of good judgment tempered by experience and used in 
connection with an instrument or instruments of reliability, 
the limitations of which are known and understood. 

The instructions for properly exposing black-and-white 
reversal film as well as color reversal film are alike in many 
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respects. Overexposure is to be avoided, when there is 
doubt, it is preferable to deliberately underexpose by an 
additional one-half light stop. Reverse originals that are 
slightly underexposed (approximately one-half light stop) 
provide the maximum tonal range in release prints regardless 
of whether they are in color, or whether the release prints 
are to be made in color or black-and-white. 


Exposure Factors 


The shutter speed (exposure time in seconds) in motion 
picture cameras is dependent entirely upon two factors: the 
degree of shutter opening and the frames per second. Sound 
speed, 24 f. p. s. is used throughout the Navy for all motion 
picture cameras when shooting standard, routine coverage. 

A formula that can be used for all cameras as long as 
the photographer knows the shutter degree opening of the 
camera he is using follows: 


sh 
Shutter degree, 1 


nae ean ar) 5 Exposure time (in seconds) 





Determining Exposure 


When using the Magazine Cine-Kodak with a shutter 
opening of 165 degrees, we find that by operating at 24 f. p. s. 
the shutter speed is approximately 1/52 of a second. The 
nearest we can set this on an exposure meter is 1/50 of a 
second. In using an exposure meter with movie cameras, set 
the film speed as you normally would, take a reading of the 
subject being photographed, and set the meter as you 
normally would for still photographs. Then read the f/stop 
opposite the 1/50 of a second setting. 

The most common errors with the photoelectric exposure 
meters may be eliminated by pointing the light sensitive cell 
at the scene correctly. The following procedures will prevent 
many inaccurate readings. In gencral, the meter should be 
read on the most important object or part of the scene. 
For long shots, take the meter reading a short distance in 
front of the camera position. For medium shots, the meter 
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should be within 4 or 5 feet of the person or object being 
photographed. For closeups, use the meter within 1 foot of 
the subject. 


In taking readings, particularly in longer shots, the meter 
should be pointed slightly downward to avoid a large per- 
centage of sky light which would give an erroneous reading. 
It is always a good plan to shade the meter’s EYE as you would 
a camera lens. Direct rays of the sun must never be allowed 
to strike the meter’s face. 


When there is a dark foreground, secondary in importance 
to a more brilliant background, it is a good idea to walk well 
into the scene and take the reading where the meter will not 
be misled by the darker foreground. 


When an exposure meter is not available, exposure guides 
can be used, taking into consideration that they are based 
upon midday light, and can be followed safely from 9 a. m. 
to 4 p.m. An allowance for weaker light before and after 
these hours is obviously necessary. How much allowance 
depends upon how much earlier or later you are taking the 
pictures. 


The season of the year, the latitude of your locale—these 
also frequently require an exposure allowance. A bright day 
in New England is never as brilliant as a bright day in the 
Tropics. But it is brighter than Alaskan sunshine. How 
much more? Howmuch less? That depends on how distant 
you are from temperate latitudes on which exposure guides 
are based. 


Then too, there is the matter of front, side, or back light- 
ing. If f/8 is correct for a closeup of a person when the sun 
is playing upon him from the same side as the camera, it 
will obviously not be correct if you move around so the sun is 
playing upon him from a 45-degree angle. And if the 
camera is moved still farther around so that the sun is hit ing 
the person at a 90-degree right angle, the lens should ve 
opened approximately a half stop. 


The three main factors controlling exposure in motion 
picture photography are the f/stop, the shutter opening, and 
the speed of the camera (frames per second). The secondary 
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factors controlling exposure are the speed of the film and the 
use of filters. 

Remember, slow motion or fast motion on the screen is 
nothing more than faster or slower camera speed when the 
film is projected at normal speed. IN ANY CHANGE OF 
CAMERA SPEED, REMEMBER THAT THE EXPOSURE CHANGES. 

Study the light falling on your subject, not the light in 
which you are standing. Study, too, the light reflecting 
qualities of your subject. What the lens and film really see 
is the reflected light. Light colored subjects reflect more 
light than those of medium tone. A good suggestion for 
daylight exposure is to keep the subjects in the sunlight and 
avoid shadows wherever and whenever possible. Try to 
obtain % front lighting on all subjects. Study the light falling 
on the subject and its reflectability. Avoid side or back 
lighting. A motion picture photographer should always 
avoid back lighting. Back lighting is permissible only when 
it is impossible to control the subject or relocate the camera. 
Then the last alternative is to shoot and attempt the very 
best for this condition. 

All information on how filters affect exposure is important 
and should be studied carefully. The filters used in motion 
picture photography are of the finest quality manufactured 
and they should be handled with extreme care at all times. 
Most filters for motion picture cameras are threaded and may 
be easily secured to the lens mount. Care should be taken 
never to force a filter into position as the threads are certain 
to be damaged. 

Neutral density filters are only used for motion picture 
work and are sometimes combined with correction filters. 
Neutral density filters are neutral in their action on all 
colors. They provide a means for reducing the light trans- 
mission through the lens, without stopping down the lens 
diaphragm, which produces a softening effect much like 
neutralizing the contrast. Neutral density filters may be 
used on extremely bright days when the lens cannot be 
stopped down far enough to give proper exposure. 

Table 17-2 contains a list and description of the most 
common filters used in motion picture photography. 
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Table 17-2.—Filters for motion pictures. 


Filter Color 
25% ND-_.-| None (light 
grey). 
50% ND.-| None (grev 
cast). 
10 Voeseewe None (grey 
cast). 
3N5___._--| Green_____- 
5N5___---- Green_____- 


Factor 


Lie eee 


3.1 (142 f/stops) . 


5.6 (214 
f/stops). 


4 (2 f/stops) - - 


5 (24% f/stops) - 


Use 


Light contrast neutralizer, 
softens glare and con- 
trast; light exposure 
compensator. 

Medium contrast neutral- 
izers, medium softening 
of glare and contrast; 
medium compensation 
for exposure; may be 
used with all films and 
in combination with all 
filters. 

Strong contrast neutral- 
izer; same effect as the 
50% ND but with a 
greater degree of soft- 
ening effect. 

Combination of Aero 1 
and 50% ND; light 
color correction without 
contrast; softens glare 
slightly. Used for land- 


scapes, street scenes, 
deserts, and snow 
scenes. 


Combination of Aero 2 
and 50% ND; medium 
color correction without 
contrast, softens glare 
same as 3N5 but with 
added detail; used for 
snow scenes and the 
like. Gives pleasing 
values on open water. 


Pola-screen filters can also be classed as neutral density 
filters; when two are used in combination with each other, 
they form a variable range up to 32 percent transmission. 
However, the main use of pola-screens is to control strong 
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glare and brightness of sky and water, or harshly lighted 
subjects. For example, it was explained in chapter 12 how 
a blue sky can be darkened to the extent of an A filter with- 
out changing the color of the foreground; they will dissolve 
reflections through glass and water without changing the 
color density and they may be used in combination with 
any filter. 

Should the motion picture photographer find himself in 
a position where he is in need of a filter to build contrast, 
especially in an otherwise flat scene, he will resort to correc- 
tion and contrast filters which will zive correct orthochro- 
matic rendition. The three filters most commonly used in 
motion picture work are listed in table 17-3. 


Table 17-3.—Contrast and correction filters. 





Filter Color Factor Use 
K-3 Yellow__-_-_- a een Full correction on ortho- 
(CK-3). chromatic film. Dark- 


ens blue sky and water. 
Brings out white clouds. 
Has a slight correction 
on Pan films. 
Aero 1_____ Light Yel- | 1.5._.______- Normal color correction on 
low. all types of Pan film; 
produces medium con- 
trast. Darkens' blue 
sky; brings out white 
clouds. Most popular 
filter used on exterior 
scenes. Brings out a 
little contrast on a 


cloudy day. 
Wratten A | Red___-___- 4—7 (2 f/stops | Overcorrection on all Pan 
(A23 or to 2% films; darkens blue sky 
A25). f/stops). and water for light night 


effect on sunny days. 
Good for mountain or 
aerial work. Penetrates 
haze. 
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Remember, filters are used to compensate or create effect 
aand should be used with caution. All the factors that effect 
correct exposure must be thoroughly considered by the 
motion picture photographer for most subjects are available 
in their true motion only once. Remember, you cannot re- 
create actual events for motion coverage. Hence, the cam- 
eraman must be prepared to record all events correctly as 
they unfold. 


The Tripod 


One of the most vital pieces of equipment employed in 
motion picture photography is the tripod. Literally, it is 
the Basis for most good motion pictures. It is a simple 
piece of equipment, yet many people think its use is a three- 
man operation. To set the tripod up, loosen the legs and 
extend them to the desired height leaving the front leg ex- 
tended an inch or two longer than the two rear legs. Tighten 
them securely. Should the tripod require more leveling, do 
not attempt to adjust the legs by loosening them again, 
merely move a leg to the front, back, or side, whichever the 
case may be. This will level the tripod rapidly and easily. 

A tripod is actually very vital to motion pictures. Suppose 
the projectionist was required to hand-hold a projector 
while screening a movie. The picture would be weaving all 
over the screen. He would immediately see the need for a 
steady support for the projector. Hence, when photograph- 
ing action, the cameraman views an image which is more 
than 850 times smaller than it will be when it appears on 
the screen. Therefore, it is natural for him to think that 
the camera is quite steady. You will also be preoccupied 
with the details of filming action within the viewfinder so 
that it is doubtful whether you would notice any camera 
movement even if you could see it magnified while shooting. 
So bear in mind, however slight the movement, it will be 
magnified more than 850 times when your film is projected. 
Accept the fact that your camera will move too much when 
you hand-hold it. Use a tripod whenever practical and 
possible. 

Another advantage in using a tripod is that you will auto- 
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matically take more pains in checking your scenes before 
you shoot them. By using a tripod you may frame and 
study the composition of a scene with all the finesse of an 
artist. This will insure steady pictures with no variation 
between what you intend to film and what you actually 
shoot, just the reverse of what usually occurs when hand- 
holding the camera. 


Geared tripods operate by means of two cranks. They 
_ turn cogwheels that control horizontal and vertical motion. 
One crank rotates the camera from right to left, the other 
tilts it up and down. Both cranks may be turned in either 
direction. 


Gyro tripods operate on the gyroscope principle with two 
independent sets of gears. They are not set in motion by 
cranks, but simply by turning the camera. Horizontal 
movement of the camera starts one set of gears spinning, 
vertical movement starts the other set. The gears offer re- 
sistance to the motion of the head. Sudden stops and starts 
are impossible; thus, the gyro tripod is unexcelled when the 
camera must be moved while shooting. 

An important aid in the use of the tripod indoors or out- 
doors on smooth, hard surfaces is the spreader. It is some- 
times called a sP1pER. It is made of metal and the legs are 
hinged to make it compact. The end of each spreader or 
triangle leg has a socket in which the bottom of the tripod 
leg fits and holds the legs and tripod rigidly to prevent ac- 
cidental spreading of the legs. 

The important rules which should be committed to mem- 
ory follow: 

1. Use a tripod wherever and whenever possible. 

2. Keep the forward leg extended an inch or two longer 

than the two rear legs. 

3. When setting the tripod down, set the forward leg 

down first, then spread the rear legs back and apart. 

4. To level the camera, use only one tripod leg. 

5. Always make certain that the tripod head is level be- 

fore panning. 

6. Never move a tripod with a heavy camera on it. 
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Panning 


Always have the tripod head level when panning. Pan- 
NING comes from the word panorama, meaning to cover a 
vast scene by moving the eyes back and forth on the hori- 
zontal line. When a person uses a motion picture camera for 
the first time, he feels impelled to move the camera back 
and forth, up and down. Actually, there are only a few 
subjects which call for moving the camera while the camera 
is running, and there are definite methods and clear-cut rules 
governing panning whenever it is necessary. 

Indiscriminate panning is the most common fault of the 
nonprofessional photographer. It arises from the mistaken 
fancy that a motion picture is truly moving when the camera 
itself is in motion; that if the ball in a tennis game is jump- 
ing back and forth across the net, the camera must jump 
back and forth, too. This fallacy has been the cause of 
many mistakes committed in the name of panning. 

Panning is rightly USED TO FOLLOW ACTION. It is a natural 
type of shot for filming aircraft landing aboard ship or an 
admiral coming up a gangway. These sequences could be 
covered, in most cases, by pulling back to an LS instead of 
panning; but the shots, especially that of the admiral coming 
aboard ship, would be less effective on screen. Following 
action is the most justifiable reason for panning. 

In photographing a static scene where there is not move- 
ment in or out of the frame, panning is rarely justified. 
There are times when a full sweep of the pan can do justice. 
For instance, scenic panning is permissible when the subject 
is of such epic dimensions as New York harbor or the Grand 
Canyon. Panning would be appropriate to show the intri- 
cate relationship of the parts of an assembly line in a pro- 
duction or industrial plant, but in such a case, moving 
objects or workers would probably give you a chance to 
pan by following action, always more desirable than static 
objects. 

Here are some rules to remember in pannings: 

1. The physical elements of a good pan are steadiness, 
evenness, and slowness. 

2. Pan only when necessary to follow the moving object, 
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or in the case of a still object, only when it is impossible to 
record the object using stationary scenes. 

3. When panning a moving object, keep the subject in the 
center of the finder except at the very beginning when it 
enters the frame, and at the very end when it leaves the 
frame. 

4. Keep the camera level, moving smoothly, evenly, and 
slowly. A pan is usually made from left to right; a tilt from 
bottom to top. 

5. Avoid switching from an action pan to a still pan. 

6. A pan is never indispensable to a picture and a bad pan 
is much worse than no pan at all. 

7. Avoid panning if at all possible. 


MOTION PICTURE COVERAGE 


Requests from various commands say, “Give us motion 
picture coverage or footage.’””’ What kind of motion picture 
film would you send to fill such a request? There is a known 
and proven method of obtaining good motion picture cover- 
age, and the information here is intended to give you an 
idea of what is necessary to produce this footage. The 
photographer who studies the methods of motion picture 
coverage and strives to improve his techniques will always 
send in the best footage and coverage. 

Goop motion picture coverage is the combined result of 
shooting sufficient footage of the subject and utilizing ac- 
cepted motion picture techniques. Poor coverage would be 
the result of insufficient coverage or excess footage disregard- 
ing the accepted motion picture techniques. Hundreds of 
feet of motion picture footage could be shot without regard 
to accepted techniques, much like the average amateur. 
The proper coverage and utilization of motion picture camera 
techniques will provide the footage for a good motion picture. 

Where does one start in regard to the proper techniques? 
Start by learning all there is to know about what is required 
to properly cover an assignment and then apply it. First 
of all, consider the word sceNE. What is it? In motion 
picture photography, a scene is a single motion picture com- 
position or view consisting of one or more frames of film. 
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Sometimes a scene is also referred to as being a sHor. Re- 
gardless of whether you call it a scene or a shot, the end 
result is the same. 

What determines the length of a scene? This is entirely 
dependent upon the importance of the subject, the action, 
or the tempo (speed) desired in the movie. Usually a scene 
is determined by starting and stopping the camera. Re- 
member, shoot to make the movie pleasing to the audience. 
Long scenes tend to be boring and slow the tempo desired 
in the movie. Short scenes, though long enough for the 
audience to grasp the idea, tend to enliven the interest and 
quicken the tempo of the movie. The protective footage 
that is normally desired on each scene to assure sufficient 
footage for editing is 10 percent. It is easier to cut out 
what is not desired than not to have it available. 

In scene requirements, the subject should be composed 
pleasantly, attention should be given to motion picture 
techniques, and again, sufficient footage shot to enable the 
editor to properly present the subject to the audience. 

Another important item in making a good motion picture 
IS SEQUENCE. Sequence as applied to movies is nothing 
more than a series of related scenes or shots. This is the 
most effective manner in which to clearly present a subject 
in motion pictures. The BASIC SEQUENCE consists of a 
LONG SHOT, MEDIUM SHOT and a CLOSEUP. ‘These terms are 
usually abbreviated as LS, MS, and CU. These shots are 
usually presented in this order in a movie; however, this is 
not ironclad. The idea is to do with the camera what you 
would do with your eyes. The LS EstaB.isHEs the location 
and shows WHERE. The NS is a nearer or in-between view 
for definitely IDENTIFYING THE SUBJECT and tells wHo. The 
CU is @ DETAILED VIEW of the subject and shows wHaT 
or WHY. 

Variations of the basic sequence are sometimes used for 
special effects, but for the beginner the above procedure is 
best because it insures acceptable motion picture footage. 
In all motion pictures, a new sequence is shot each time a new 
action or subject is introduced. The audience wants to 
know the four ‘‘W’s’”—WHERE, WHO, WHAT, and wHy. 
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As the CU shows the most important part of the subject, 
the LS and MS are used to bring the audience smoothly into 
the CU shot. The image size of the CU determines the 
camera distance for the LS and the MS when using the same 
lens. In other words, the whole sequence is shot to build up 
to the closeup. 

Having discussed basic sequence, let’s think in terms of a 
PRODUCTION. A production is a combination of related 
sequences. A good production is one that tells a story in an 
interesting, logical, and coherent manner without any dis- 
tracting photographic or technical defects. The result of 
sequence coverage is that a story has been told. Again, 
remember, the LS tells where, the MS tells who, and the CU 
tells what or why. The audience sees and understands the 
subject; their attention is focused directly on the subject, 
and sequence coverage has built interest due to scene varia- 
tion. 

Thus, to tell a story start with a scene or shot, go into a 
sequence, then branch out to a production. This accepted 
technique builds continuity. A book is read from beginning 
to end. A story in pictures should be told the same way. 
By using continuity, the story is placed in pictures in their 
logical arrangement of scenes and sequences in the produc- 
tion. This insures complete coverage and footage. It has 
helped provide the photographer with a mental order of the 
types of scenes to shoot and now the final act is to do the 
photographing. 


Continuity 


Where does the term conTINuITY fit in motion pictures? 
Continuity is an important factor whether a film is good or 
bad. If the continuity is good, the motion picture will be 
good in most cases. But if the continuity is poor, the 
motion picture will be poor in EVERY case. Each part of a 
motion picture, however small, will affect. continuity. 
Certain rules must be observed in photographing and in 
editing the motion picture to obtain a finished product 
with good continuity. 

The proper development of a story and the connection of 
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motion picture scenes and sequences to create a smoothly 
joined, coherent, motion picture story is what we call the 
best form of continuity. The overall part must consist 
of three parts: THE BEGINNING—starting point at a logical 
place; THE sToRY—presentation of each point in logical 
order; and THE ENDING—completion at a logical point when 
all the facts of the picture have been presented. There are 
many divisions of continuity, all of which will affect the 
overall continuity of the film story. In simple words, we 
find that we have a buildup, a climax, and an anticlimax in 
every story that is told, whether it be written or on film. 
Let us break continuity even further—story continuity 
or the continuity of ideas. After the subject matter and 
the scope of the picture have been determined, the first step 
is planning. Before shooting, it is necessary to know what 
scenes and sequences will be required to make the film 
complete. This does not mean that a complete, finished 
script is necessary for a successful motion picture, but at 
least an outline should be made. Complete planning before 
production starts insures a better chance of ending with a 
good motion picture. Start from the beginning of the story 
and add each fact in its logical place, explaining it clearly 
with the camera, until all the facts have been presented. If 
the film leaves the audience consciously or unconsciously 
asking a question, it is not complete and does not have good 
continuity. Any point which must be explained, either with 
a title or on the sound track, shows poor planning and poor 
continuity. | 

In MATCHING ACTION or the CONTINUITY of DETAILS scenes 
that are to be used together must match. Action must 
appear to flow smoothly from one cut to another. The center 
of interest must not be so extreme that it is hard for the 
audience to re-establish itself. Angle changes must not be 
so extreme that it is hard for the audience to re-establish 
itself. All details in the scene at the cut must be the same 
on both shots. Usually, matching action is accomplished 
in motion pictures by shooting overlap; duplicate action 
on the end of the scene by reshooting it at the beginning of 
the next scene so the action will overlap. 
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The action should be matched frame to frame between the 
two shots in editing and then spliced. This makes the new 
scene begin in the same position as in the last frame of the 
preceding scene. In shooting uncontrolled action, overlap 
may be obtained by using more than one camera. In 
general scenes, it is sometimes possible to dispense with 
matching action as the audience will be too busy following 
the several actions to notice the failure to match action. 
Neutral scenes are used under some conditions to cover gaps 
in the action. Neutral scenes are shots of action that did 
take place or could have taken place at the same time in 
the film story where the scene is inserted. 

The center of interest must be matched at each cut. If 
this is not done the audience will have to look for the action 
on the screen, and will miss some of the action that has taken 
place. This is particularly important in fast action and in 
medium shots of all types. In the angle changes, should 
they be too extreme, it will take time for the audience to 
get its bearings, and during this time it will miss some of the 
action. <A 45-degree angle change between shots should be 
the maximum except for special effects, or when the action 
justifies the change, such as in photographing a conversation 
using subjective angles. 

Finally, in matching details in shots, the details must be 
the same between cuts. The appearance of objects on 
tables and clocks changing time or remaining the same are 
the most common violators of this rule. These details are 
very noticeable to the audience. 

Directional continuity or the continuity of movement is 
most important. When a moving subject is shown in one 
scene, it should travel across the screen in the same direction 
until it gets where it is going. Shooting subjects to obtain 
this effect may sometimes seem wrong as it may be necessary 
to actually shoot the subject moving in violation of real 
life directions; but remember the audience judges direction 
solely by what it sees on the screen. Changes in screen 
direction, when necessary, must be explained or justified. 
Methods of changing screen direction are deception (sug- 
gesting change) by use of a sign or similar object; changing 
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of angles, particularly the use of headon or tail-away shots; 
and showing the subject actually turning and changing 
directions. The latter method is the best to use whenever 
possible. 

Discussing further the continuity of time and space, a 
film should never jump abruptly from one sequence to 
another. A transition should be used to bridge the gap in 
time or the change of location. Any shot, series of shots, 
or effect that is used to account for a lapse of time or a change 
in location, or both, is known as @ TRANSITION sHOT. The 
turning of calendar pages and the rotation of the hands on 
a clock are good ways of showing the lapse of time. 

The continuity of the camera is when the photographer 
insures that the camera uses a logical approach to the subject 
to produce good continuity. Extreme changes must be 
avoided. The camera must view the subject the same as 
an eye. In general, the LS-MS-CU method should be 
used. A jump in camera position from LS to CU will appear 
too abrupt on the screen. Image size changes must be 
gradual. Camera angles should be varied, but extreme 
changes of angle will make the subject look different on the 
screen and the scenes will not fit smoothly together. Also 
lenses should not be changed abruptly from a short to a long 
focal length except when striving for special effects. The 
apparent perspective will be so different with the various 
focal lengths that it will distract the audience. 

Lighting direction in the continuity of lighting should 
remain consistent during a motion picture sequence. If the 
key is in a certain position to start, it should remain in the 
same approximate position for all photography during that 
sequence. Minor changes in fill and back lights may be 
made if the results are not to objectionable on the screen. 

ContTINUITY OF MECHANIcS.—Any defect in the finished 
product on the screen will affect the continuity of the motion 
picture. Scratches, exposure, tilt, parallax, and like are 
just a few of the mechanical defects. Especially distracting 
on the screen is the lack of camera steadiness. Use aA TRIPOD. 

A typical sequence could be recorded aboard a carrier as 
material for a Navy release. For example, a sequence of a 
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squadron commander briefing his pilots in the ready room is 
desired. The cameraman should first employ the long shot. 
This can be done by setting the camera up in the rear of the 
ready room and shooting over the heads of the assembled 
pilots with the skipper in the background. In this scene it 
is evident that the subject is a ready room because the 
audience can see pilots in flight gear, aviation survival 
equipment, crash helmets, and navigational equipment. 
The audience will also know where the speaker is, since they 
have been acquainted with the area through the photo- 
grapher’s use of the long shot. 

Remember, the sequence is to show the skipper briefing 
his pilots. In order that a smooth transition take place, 
the camera must be moved closer to the officer for a medium 
shot. From this distance the facial expression of the officer 
can be seen, and the maps and charts that he is using stand 
out, and it can also be seen that he is speaking. By moving 
to this distance, interest is built up in the audience. The 
next step is to move in for a closeup. 

The closeup tells the story. It has been established that 
the action is taking place in a ready room filled with pilots 
who are being briefed for a mission. The skipper has been 
seen from a distance and the audience is interested. Now, 
the camera is moved closer so a study of the skipper’s face, 
hands, and actions can be made. The seriousness of the 
situation is immediately transmitted to the viewer, who feels 
that he is a part of the group being briefed by this officer. 

A closer study of the skipper can be made. In the last 
closeup he was seen pointing ata map. Move the camera up 
and take a closeup of the map, including the hand of the 
skipper pointing out AA emplacements and targets to hit. 
Scenes such as this really show the scope of this skipper’s 
situation, and through the proper use and development of the 
sequence, the photographer can transmit the drama of it to 
the audience. 

The body of the sequence is now completed, but it is 
impossible to jump into the next sequence directly from the 
extreme closeup of the map and the officer’s hands. The 
scene that is used here is the reestablishing (RE) shot. The 
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purpose of this scene is to bring the viewer back to a point 
where he mav view the overall picture once more. The 
scene is somewhat like a medium shot, but it should be shot 
from a different angle as the variety will make it more 
interesting. A good shot would be to show the skipper in 
the foreground talking to the men in the background. 

This properly closes the sequence and preparation can be 
made to photograph the next, as the audience has been well 
informed on this particular situation. If the photographer 
was successful, the viewer of the sequence will feel that he 
has actually been briefed by the squadron commander. 

The aforementioned scenes compose the basic sequence. 
They must be properly made if they are to be coherent. 
The final test of the sequence is its effect. Did it tell the 
story well? Did it put across the idea and the mood that 
the photographer was after? Sequences in motion pictures 
are an expression of the photographer. It takes consider- 
able though and training in order that sequences have con- 
tinuity. If continuity in the sequences has not been 
obtained, the film is useless. 


Composition 


Photographic composition for which the old masters strived 
is still the same and is sought today. Regardless of what the 
motion picture is about, how well the scenes are planned, or 
how smoothly the continuity flows means little should the 
composition be sacrificed. PHOTOGRAPHIC COMPOSITION 1S 
the selecting and grouping of the elements of a picture to 
form a pleasing and harmonious whole. A picture should 
have one idea and one idea only. This does not prevent the 
photographer from arranging several components so as to 
accentuate the single idea he is trying to portray. In shoot- 
ing subjects, make certain that the subject is the object of 
importance in the scene and that all surrounding objects, 
if there are any, add to, rather than detract from the sub- 
ject. Always remember your background when shooting 
motion pictures and arrange it as carefully as you do your 
subject. 

All motion pictures are shot on film using horizontal com- 
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position only. There is no such thing as vertical composition 
and the image size of the subject cannot be enlarged or re- 
duced after the film has been developed. This art is not the 
same as with the still negative. Once the object has been 
recorded, it is final. You cannot make a good picture from 
a bad one in movie work. Composition is primarily personal 
opinion. What pleases you may not please others; however. 
when it does please others, you can be certain that you have 
observed at least some of the rules that aid in making a good 
picture a better picture. 

The position from which the subject is viewed is as im- 
portant as the subject itself. In short, the point of view or 
camera angle can make or break a picture. Move around 
the subject, looking at it from every angle, until an arrange- 
ment of the subject that is pleasing in relation to the fore- 
ground, background, and surrounding objects is found. 
Make certain that the subject to be portrayed is the object 
of importance in the picture. There are three primary 
angles from which a subject may be viewed and each pro- 
duces a different effect: a high angle, which emphasizes pat- 
tern and composition lines; low angle, which emphasizes 
drama and suggests movement, speed, or action; and the 
straight angle, generally uninteresting, and is used more in 
news and commercial work than in any other type work. 

Holding the eyes of the audience to the picture can be 
accomplished best by the use of lines (called LEADING LINEs) 
or shapes and masses. In their entirety, the shapes and 
masses give the feeling or appearance of lines. They will 
usually be found to be a great aid in drawing the eye to the 
center of interest and holding it there. The more familiar 
leading lines are tree trunks, roads, shorelines, horizon, paths 
or walkways, hedges, and similar objects. 

Parallel lines usually detract from the center of interest 
when the repeating lines run in the same direction as the 
main line of the subject. They are effectively used to direct 
the eye to the center of interest when they contrast in 
direction to the center of interest. 

Vertical lines suggest strength, majesty, dignity, and vigor. 
Their greatest use is when they give strong picture quality 
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by their combination in a photograph, a result that can be 
obtained only with a powerful subject. 

Horizontal hnes suggest peace, tranquility, rest, and a 
somewhat static condition. They are not very strong lines 
or very eye-catching in themselves, but when used in com- 
bination with vertical lines, they suggest strength and 
solidity. 

Diagonal lines suggest speed, action, activity, and tend to 
give a scene a dynamic quality. The lines appear to be off 
balance and tend to carry the eye to or from the supporting 
lines, and, in general furthers the impression of movement. 

Curved lines suggest grace and smoothness in movement 
and coordinate parts without being obvious. This may be 
shown by a cloud connecting the tops of two or more trees. 
Curved lines, interspersed among straight lines, greatly en- 
hance the grace and pleasantness of composition. While 
the curved lines are desirable for their grace, that grace is 
useless without the strength that lies more in horizontal and 
vertical lines. The circle and oval line will serve to hold 
the attention of the viewer to the photograph. The S curve 
or line of beauty is one of the most pleasing of all curved 
lines. When you wish to express grace, look for the S 
pattern in which to place vour subject. It is particularly 
advantageous for landscapes. 

Subject placement is extremely important. Lines leading 
toward the center of interest will draw the eve quickly to 
the subject, while lines leading away from the subject or 
center of interest will draw the eve out of the picture area. 
All elements of the scene should add to or lead toward the 
center of interest. The center of interest (dynamic center) 
in motion pictures is generally determined by the location 
of the action. Due to movement, the eve will favor the 
action areas of the scene. The compositional elements 
(lines) should lead to this action area. 

Avoid dividing the scene into two parts. The horizon 
line below the centerline tends to increase the depth in the 
background and/or sky areas. Naturally, all motion pic- 
tures have action of some sense in them. Action and its 
effect upon composition are important to studv. Anv mov- 
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ing object will attract attention in preference to a stationary 
one. Leaves or limbs used for framing should be stationary 
unless used for distractions. Background objects should not 
move enough to distract from the subject. Watch for syn- 
chronization of movement, such as fans, propellers, wheels, 
and the like, if they are not parts of the subject’s center of 
interest. 

When the subject moves, the composition changes with 
the action. Planning of the camera position and composi- 
tion through the entire movement is extremely important. 
Give the subject room to move into the frame; for example, 
a speaker completing a statement and then turning his head 
tod look at the next person to be the subject. Natural 
instinct will cause a person to follow the motions of another. 
Have you ever tried looking up at a building for a time? 
Soon you will have a group looking with you, wondering at 
what you are looking. When two or more motions are 
present, the most unusual or unexpected will capture the 
attention. When two objects approach each other, the 
mind forms an advanced impression of a coming conflict or 
collision. 

Lighting is one of the important creative elements in 
motion pictures. Along with arrangement of subject matter 
and selection of viewpoint, lighting makes up the trio and 
brings into being the picture concept born in the mind of the 
photographer. It is, therefore, easy to understand why 
there has been so much mystery about lighting. The pho- 
tographer wants lighting presented to him in the same con- 
crete form as lenses were presented to an optician. He 
wants his lighting problems to be resolved into a series of 
well-defined formulas and diagrams. While lighting does 
have its technical familiarities in this manner, lighting in the 
role of contributing the dramatic element in motion pictures 
is closely linked to the imagination in the methods that 
must be employed to develop it. While the photographer 
is walking around his subject and looking at it from all con- 
ceivable angles to determine his best shooting angle, he must 
be conscious at all times of the lighting. When shooting 
indoors or outdoors, the motion picture photographer has 
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control of his light. Many photographs are on record where 
the still photographer has waited and returned to photo- 
graph a scene when the light was as he wanted it. The 
motion picture photographer, if the light is not just right 
outdoors, can produce his own or create the light he wants to 
portray his subject. Lighting is more important to the 
movie man than it is to the still photographer. A rule to 
remember is: We read from left to right; thus, the action on 
the screen should also move in this direction. 

Composition can be greatly controlled by lighting em- 
phasis owing to the effect of the light and dark masses. Low 
key lighting of the subject will attract attention by the 
contrasts or lighter areas and it will denote sinister effect as 
well as mystery. High key hghting of the subject will 
attract attention by the contrast or darker areas and it will 
denote a light, gay mood. 

To accentuate a subject in a scene which has foreground 
objects, increase the amount of light on the subject and 
subdue the light in the foreground. Lighting must con- 
form throughout a sequence; therefore, care must be taken 
to insure continuity in lighting. Do not vary the subject 
lighting too abruptly or change from low key to high key in 
the same sequence. Lighting can be used to convey moods 
as well as feelings. The most dramatic scenes depicting 
horror are done in subdued or low key lighting. Sharply 
contrasting objects in a scene will draw the attention from 
the subject. Backgrounds are very important in that they 
control the overall tone, intensity, and mood of the picture. 
Keep them simple and well organized, so that they do not 
attract attention from the subject. Watch for intersecting 
lines of objects that seem to cut into the subject. Clothing 
contrasted against the background must be controlled so 
that attention is held on the principal subject. 


Common Mistakes 


Some of the most common errors in motion picture pho- 
tography may seem trivial. When you say that it can’t 
happen to me, you are defeating your primary mission—to 
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take Goop motion pictures. When the film is projected is 
the time you may remember some of the errors you were 
told to watch for and avoid. Some of the most common 
errors are: 

1. INcorreEctT Focus. Usually forgetfulness, as it shows 
a lack of systemic camera technique. The footage is useless 
and costly, and the results are nil. 

2. TILTED TRIPOD. The camera was not vertical or level, 
making the subjects appear to be canted at an angle. This 
is the mark of an amateur; the professional always checks 
before shooting. Watch the horizontal and vertical lines of 
your subject. 

3. HAND-HELD. It is impossible to obtain a steady scene 
without a solid camera support.. The tripod is a Must with 
motion picture photography. 

4. Pannina. Pan only when absolutely necessary. Pan- 
ning shows very poor technique when an interesting sequence 
from different angles would be better. 

5. Lack OF PARALLAX CORRECTION. Remember that the 
viewfinder sees a slightly more offset picture than the lens. 
The area covered by the lens is the objective. Observe your 
scene carefully so as not to cut off heads and feet. The 
position of the viewfinder on the camera in relation to the 
lens will determine whether vertical or horizontal parallax 
correction is necessary. Check the parallax with each 
scene and be especially careful on closeups. 

6. Poor ExposuRE. Poorly exposed footage is practi- 
cally useless. Watch exposure. 

7. CAMERA MOVEMENT. Make certain that your tripod is 
solid and that there is no chance for camera movement. 
Remember, what little movement may occur is magnified at 
least 850 times when it is projected on the screen. 

8. REWINDING WITHIN A SCENE. Always make certain 
there is enough spring tension at the start of a scene to com- 
plete it, and make certain to rewind after each scene. 

Some of the common coverage errors that can be over- 
come through study and practice are: 

1. Not using sequence technique. 

2. Lack of continuity. 
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. Poor angles. 

. Bad composition. 

. Image size (either too small or too large). 

. Length of scene (either too short or too long). 
. Utilization of footage. 

In order to make better movies, the following common 
errors should be avoided: 

1. Busy BackGrounD. Do not allow the background to 
clash with the subject. Remove annoyances, change camera 
angle or keep the background out of focus. 

2. LAcK OF APPARENT MOTION. If the subject is one that 
can move (such as automobiles, athletes, airplanes, etc.), 
allow the subject some place in which to move. 

3. APPARENT GROWTHS. ‘Trees, telephone poles, etc. do 
not grow out of people’s heads or out of roofs of buildings. 
Do not let them do so in your pictures. 

4, LACK OF A SUPPORTING BASE. Objects with bulk, such 
as buildings, must have support; make certain that you at 
least show enough of their base to let the audience know 
they are not floating. 


Hints for Good Movies 


A photograph is a photograph only if it is clear and sharp—- 
WATCH YOUR Focus. Exposure must be right—if it is right, 
fine; if it is not there, nothing is going to put it there and 
your end results are to no avail. Know the best type of 
film for each type of job and how to use the film. Learn 
which filters are used for all types of effects and for which 
films they are best suited. Learn the lenses of the equip- 
ment being used and their possibilities. Use a tripod at all 
times unless space disallows. By watching your continuity, 
composition, and camera techniques, usable footage should 
always result. 
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QUIZ 


. The number of frames per second for sound motion picture using 
the Cine Special is 

a. 120 

b. 32 

c. 16 

d. 24 


. The butterfly shutter projects each frame on the screen for 
of a second. 

a. 1/48 

b. 1/50 

ce. 1/24 

d. 1/35 


. What type of film is projected with the emulsion toward the lamp? 
a. Kodachrome film 

b. Reversal film 

c. Negative film 

d. Positive film 


. The medium shot in a motion picture sequence 
a. establishes location 

b. identifies the subject 

c. shows a detailed view 

d. tells the story 


. The footage window on the Cine Magazine is located on the 
a@. rear of the camera 

b. right side of camera 

c. left side of camera 

d. magazine itself 





. The Kodak Cine-Mag camera has a ________. viewfinder. 
a. wire frame type 

b. direct vision type 

c. reflex tvpe 

d. inverted image type 


. The pulsation button on the Cine Magazine camera pulsates 
times for 50 feet of film. 

a. 50 

b. 100 

c. 200 

d. 25 
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10. 


11. 


12. 


13. 


14. 


. The effective shutter speed of the Magazine Cine-Kodak operated 


at 32 frames per second is what fraction of a second? 


a. 1/68 
b. 1/72 
ce. 1/34 
d. 1/36 


. Before inserting the film load into the Magazine Cine-Kodak, the 


dark slide pin on the magazine should be 


. all the way to the rear so that the cover over the film is open 

. all the way to the front so that the cover over the film is closed. 

. in any position because the door catch will adjust itself 

. all the way to the rear so that the door catch will be freed to 
automatically adjust itself 


oc Moms. 


The shutter on the Cine Magazine camera is a 


a. rotary disk 
b. rotary cone 
ec. circular disk 
d. circular cone 


The wide angle lens for the Cine Magazine camera has a focal 
length of 


a. 63mm 
b. 25mm 
ec. 15mm 
d. 16mm 


The Cine Magazine camera has a shutter speed range of 


a. 8 to 32f. p.s. 

b. 24 to 62 f. p. s. 
c. 24 to 48 f. p.s. 
d. 16 to 48 f. p. s. 


The 16mm reversal film is threaded in a projector with the 


a. image upside down, emulsion towards the light 

b. image right side up, emulsion towards the light 

c. image upside down, emulsion away from light 

d. image right side up, emulsion away from light 
The-camera mechanism that moves the film through the film 
gate of a motion picture camera is known as the 

a. sprocket drive 

b. intermittent movement 


c. intermediate action 
d. film drive 
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15. Continuity is 
a. the term used to describe all sequence shooting 
b. the proper development and connection of motion picture 
sequences to create a smoothly joined, coherent motion 
picture story 
c. the term used when two sequences resemble each other in 
subject matter 
d. not too important, as we are concerned with military photog- 
raphy 
16. Composition in motion picture photography is considered good 
if it 
a. has good continuity 
b. shows all of subject 
c. draws attention to subject 
d. well lighted and exposed properly 


17. Motion picture film that becomes a positive during processing is 
known as 
a. duplicated 
b. reversal 
c. negative and positive image 
d. blue base 


18. Foreground objects correctly placed will give 
a. a greater depth of field 
b. more interest to the subject 
c. the illusion of depth to the picture 
d. less distraction to the subject 


19. Fuzzy photographs are remedied by 


a. closing down the diaphragm 
b. correct focusing 

c. using the correct lens 

d. moving closer to the subject 


20. Coverage in motion pictures is best accomplished by 
a. shooting closeups 
b. using sequence technique 
c. special effects 
d. proper exposure 

21. A long shot establishes location and tells 
a. where 
b. who 
ec. what 
d. why 


762 


22. 


23. 


24. 


25. 


26. 


28. 


29. 


The shutters of most motion picture cameras are 
a. synchronized with the pull-down or film advance mechanism 
b. of the louvre-type shutter 
c. constructed of stainless steel to be sure of uniform weight 
and balance 
d. synchronized with the take-up spool 


The image size of the subject is determined by the 
a. size of the subject 
b. parallax correction 
c. camera distance 
d. background desired 


The shutter in a projector will rotate ________ times per second 
at sound speed. 

a. 20 

b. 24 

c. 48 

d. 50 


Which of the following is not a means of controlling exposure? 
&. camera speed 
b. focal length of lens used 
c. film speed 
d. f/stops 
Why do motion picture cameras and projectors require loops to 
be formed in the film? 
a. To engage the pull-down claws 
b. To have the emulsion inserted the right way 
c. So the film will not break 
d. To seat the pressure plate 


. The ability of your eye to retain an image for a fraction of a second 


is referred to as 
a. perception of vision 
b. persistence of vision 
c. intermittent vision 
d. persistent retention 


The purpose of the pull-down claws in a motion picture camera 
is to 

a. hold the film steady while the photograph is being taken 

b. advance the film while the shutter is open 

c. advance the film while the shutter is closed 

d. keep pulling the film tight 


Relative to motion pictures, a sequence is generally considered 
to be a 

a. group of unrelated views 

b. series of shots 

c. group of scenes 

d. series of related scenes 
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CHAPTER 





INTRODUCTION TO AERIAL PHOTOGRAPHY 
HISTORY OF AERIAL PHOTOGRAPHY 


First Aerial Photographs 


Aerial photography, as it is used today, is quite young. 
The first aerial photographs were made by Laussidat, an 
officer in the Engineer Corps of the French Army. In 1858 
he used a string of kites to send a glass-plate camera aloft, 
tripping the shutter by remote control from the ground. His 
next development was to send a camera up with a captive 
balloon. The main objection to these two methods was the 
fact that only one picture at a time could be taken; then, the 
kite or balloon had to be lowered to the ground, and film in 
the camera changed. 

The development of the airplane changed the whole aspect 
of aerial photography. Now, with the photographer being 
airborne, the number of photographs to be taken was limited 
only by the amount of film carried and the range of the air- 
plane. The first recorded aerial photograph from an air- 
plane was made with a motion picture camera on a flight 
over Italy in 1909 by Wilbur Wright. 

The World War of 1914 saw the rapid development of 
aerial photography. The Germans used cameras for aerial 
reconnaissance in Zeppelins and airplanes. The Allies soon 
realized the importance of aerial photographs and started 
their own installations in aircraft. These were used ex- 
tensively to photograph troop movements, ammunition 
dumps, gun installations, etc. 

The importance of aerial photographic intelligence 1s 
shown clearly by the statement made in 1938 by General 
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Von Fitsch, Chief of the German General Staff. He said, 
‘‘The nation with the best photo interpretation will win the 
next war.”’ In World War II this proved to be very true. 
As the United States’ techniques in taking and interpreting 
aerial photographs improved, the pace of the war increased. 
It is estimated that 80 percent of the intelligence obtained 
during World War IT was obtained from photographs. 


Present Day Methods of Aerial Photography 


Present day methods of aerial photography have grown 
quite complex. Electronics play a big part. Jet fighter- 
photo airplanes with special fuselages, carrying one to five 
cameras, are used to make low level sweeps over enemy terri- 
tory. The pilot controls all the cameras with switches and 
electronic computers, which, in turn, control the exposure 
and interval between exposures. 

Patrol and attack type airplanes, with a pilot, photo 
navigator, and Photographer’s Mate, are used for high and 
low level mapping and reconnaissance. Some of the cameras 
are mounted in gyro stabilized mounts to keep the optical 
axis of the camera in a vertical position. The cameras are 
operated remotely by switches and electronic computers. 

Prior to and during World War II the Navy Photographer’s 
Mate was in complete control of the cameras, setting the 
camera shutter and lens opening in the air, figuring the 
interval between exposures on a viewfinder, and tripping 
the shutter by hand. Two photographers usually worked 
as a team, one keeping the camera level in its mount, the 
other watching the viewfinder and tripping the shutter. 

Today the Navy Photographer’s Mate will find that most 
of his job is done electronically, and his aerial duties are 
greatly varied. He uses aerial cameras at shore installations 
for mapping, spot verticals, and oblique photographs. He 
also photographs fleet gunnery exercises, performs aerial 
motion picture work, and many other types of jobs that 
require aerial photographs. He will fly in utility, patrol, 
and attack type airplanes, and will photograph from heli- 
copters. 

On board ship attached to the ship’s company the photog- 
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rapher will not have much of an opportunity to do aerial 
work, as most of the aerial work done aboard ship is ac- 
complished by jet fighter-photo airplanes. The shipboard 
photographer will be called on to fly in helicopters to photo- 
graph task groups, refueling exercises, publicity photographs, 
etc. If the photographer is attached to the photo squadron 
aboard the ship, he will install aerial cameras in the air- 
planes, and maintain the camera equipment and associated 
equipment in the airplane. 


OBLIQUE PHOTOGRAPHS 


There are two types of aerial photographs, the OBLIQUE 
and the VERTICAL. 

An oblique aerial photograph is taken with the optical 
axis of the camera depressed at an angle between the hori- 
zontal and vertical plane—in other words, with the camera 
pointed downward at an angle., In the case of single-engine 
aircraft, oblique photographs are usually taken with the 
camera held over the side of the airplane. In larger multi- 
engine aircraft there are usually ports or hatches through 
which the camera can be used. In Jet fighter-photo air- 
craft, there are windows in the camera compartment where 
the camera can be mounted at an angle for oblique photog- 
raphy. 

There are two types of oblique photographs, the HIGH 
oblique and the Low oblique. The high oblique is photo- 
graphed with the camera pointed at a high angle from vertical 
as shown in figure 18-1. The horizon will show in this 
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Figure 18-1.—Photographing a high oblique. 
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Figure 18—2.—Photographing a low oblique. 


photograph, which is usually taken from a lower altitude 
than a low oblique. When an oblique shows a portion of 
the sky, a large area is visible but the images will become 
indistinguishable as their distance from the camera increases. 
High obliques are usually used for area orientation only, as 
their value in obtaining the size of an object by photo in- 
terpretation is limited. 

The low oblique is photographed with the camera at a 
low angle from vertical. As shown in figure 18-2, the horizon 
will not show in this photograph, which is taken from a higher 
altitude than a high oblique. The low oblique is used to 
identify objects on the ground, pinpointing gun installations, 
troop movements, etc. 

The methods of shooting high and low obliques are differ- 
ent. As described earlier, obliques are usually taken from 
the rear seat or side door of an airplane. In describing the 
shooting of obliques, the standard SNB-5P, a twin-engined 
utility aircraft, will be used. 

The preparation for a photographic flight on which oblique 
photographs are to be taken is more complicated than it may 
seem. It calls for teamwork and cooperation of a high degree 
between the pilot and the photographer. Complete under- 
standing of the work to be done must. be established before 
the flight begins. Both pilot and photographer must know 
what type of work is wanted, what objects are to be photo- 
graphed, and the needs which these photographs are to fill. 
The selecting of the camera to be used must be agreed upon, 
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and its limitations must be known in order that the pilot 
may fly in such a manner that the photographer can do his 
best work using that camera. 

A system of communications must be established which 
can be used easily while in flight. A set of hand signals 
should be devised to be used in case the interphone ceases to 
operate. In some cabin type aircraft, normal conversation 
is quite satisfactory if the photographer and the pilot are 
not too far apart. 

Study the flight chart which includes the object, if it is 
available, and determine as accurately as possible the most 
favorable altitude to use for the work. It is much better to 
begin at the lowest altitude believed possible for the job and 
then climb to higher altitude if necessary. This method will 
avoid any condensation of moisture on the optics of the 
camera. This condensation will occur as the plane descends 
from the cold air of a higher altitude into a layer of warm air. 

Referring to figure 18-3, high obliques are usually taken 
at an altitude of 1,000 to 1,500 feet, depending on the focal 
length of the lens and the size of the image desired. The 
pilot of the aircraft approaches parallel to the target, and off 
to one side, and should have the near side of the target pass 
by the end of the wing. As the plane approaches the target, 
the photographer should instruct the pilot to throttle back 
the port engine and lower the flaps. This will cut down the 
slipstream so the camera will be easier to hold out the side 
door; and it also will cut down the exhaust gases from the 
port engine. These gases will create a wavy and blurred 
effect in the picture if they are not subdued by throttling 
back on the inside engine. As the leading edge of the target 
passes the wingtip, the photographer will pick it up in the 
viewfinder and, following through as the target approaches 
the field of the viewfinder, shoot the picture as the target is 
centered in the viewfinder. 

Low obliques are usually shot at a higher altitude than 
high obliques, as the camera is pointed more closely to the 
vertical plane, causing the image size to be larger. The 
photographer will have to lean out of the side hatch farther 
so that he can point the camera down. In lining up with 
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Figure 18-3.—Photographing a high oblique in an SNB-5P. 


769 
Digitized by Google 


the target, the airplane is flown in the same manner as shown 
in figure 18-3, except that the plane will be more vertically 
over the target. 

There are a few problems encountered in oblique photog- 
raphy. In shooting any oblique photograph, it must be 
remembered that a shutter speed of 1/100 to 1/300 of a second 
is used, and when flying at a low altitude, the ground will be 
rushing by so fast that these shutter speeds are not apt to 
stop the action, resulting in a blurred picture. To prevent 
this from happening, the photographer will have to FoLLow 
THROUGH with the camera; that is, the camera is moved in 
the opposite direction from which the plane is flying, thus 
keeping the camera pointed at the same place on the ground 
as the plane flies by the target. Keep the camera moving 
while taking the picture, as in wingshooting with a shotgun. 
Do not stop the follow-through movement of the camera to 
take the photograph. 

Another factor causing blurred photographs is vIBRATION. 
When holding the camera for obliques, make sure that it is 
not resting on any part of the aircraft, or the vibration trans- 
mitted to the camera will result in a blurred image. By 
holding the camera firmly against the chest and chin, the 
body will act as a vibration dampener. 

SIZE OF IMAGE is another consideration in oblique photog- 
raphy. It can be controlled in various ways. ALTITUDE, 
FOCAL LENGTH, and the ANGLE, or DISTANCE away from the 
target will change the size of the image. The relationship 
of focal length to image size is the same in aerial work as it 
is in ground photography. A change in the focal length 
will give a proportionate change in the image size. In 
photographing a 300-foot ship at a certain altitude with a 
10-inch lens, a 3-inch image size will be obtained. At the 
same altitude and changing to one 20-inch lens, a 6-inch 
image size will be obtained. By doubling the focal length 
the image is doubled, but the amount of area photographed 
has decreased. Make sure that enough surrounding area 
around the target is photographed, for identification pur- 
poses. 

Instead of changing the focal length, the altitude can 
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be changed to increase or decrease the image size. HypEr- 
FOCAL DISTANCE Of the lens has to be taken into considera- 
tion in aerial photography, because the cameras are fix- 
focused at infinity. When making low altitude, or air-to-air 
oblique photographs, make sure you are not within the 
hyperfocal distance, as an out-of-focus picture will result. 

Whenever possible, shoot obliques with the sun at a 45- 
degree angle. This will give proper shadows and a greater 
feeling of depth. With the sun directly in back of the camera, 
the picture will have a flat look. With the sun directly in 
front of the camera, the shadows will obscure all the detail. 
The size of the objects in the photograph can be determined 
by the length and width of their shadows, so by proper 
placement of the sun the proper shadows can be obtained. 

In making obliques the camera should be held so that the 
horizon is straight in the viewfinder. This is easy to do in 
a high oblique as the horizon will be included in the picture. 
In making a low oblique, hold the camera as though a high 
oblique was being made, straighten the horizon, then lower 
the camera to the correct angle for the low oblique, making 
sure the camera is not tipped sideways. 

The camera can be tilted in some instances; for example, 
when two points of interest have to be included in one 
exposure. If this cannot be accomplished by holding the 
camera level, then by turning the camera at an angle, the 
two points sometimes can be included in the diagonal of 
the picture area. 

There is another precaution in aerial photography, as 
well as in all photography. Do NoT FORGET TO REMOVE 
THE LENS CAP and DARK SLIDE. Many a photographic 
mission has been ruined because the photographer forgot 
to remove the lens cap or dark slide. The cost of an aerial 
flight is high, so do not waste it. 


VERTICAL PHOTOGRAPHS 


A vertical photograph is taken with the longitudinal axis 
of the camera perpendicular to the horizontal plane—in 
plain language, with the camera pointed directly at the 
ground. 
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Aerial photographic maps are made up of a series of verti- 
cal aerial photographs. The purpose of vertical photo- 
graphs is to show clearly details of ground objects at a 
uniformly accurate scale. The composite, or overlapping, 
vertical photographs are valuable for a variety of military 
purposes, especially when maps are not available of the 
area being photographed. They can be produced under 
wartime conditions in a very short time, and with a high 
degree of accuracy. Due to the fact that every object 
on the ground is reproduced in the photograph in its pro- 
portional plan view size, and that accurate information 
of all elevations may be secured through a stereoscopic 
study of overlapping pictures, they compare very favor- 
ably for military purposes with the most accurate and 
detailed topographic maps. 

Vertical aerial photography is accomplished by mounting 
an aerial camera in the deck of an aircraft, and photograph- 
ing through the bottom of the plane. The camera is placed 
iN & CAMERA MOUNT which is fastened to the deck of the 
plane. This mount has adjustments so that the camera 
can be tilted fore and aft and sideways so that it will be 
level when the photographs are made. The mount also has 
provisions for rotating the camera so that it will be photo- 





Figure 18-4.—M1 A-1 (NR-1) vertical camera mount. 
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graphing at the proper angle in relation to the flight path 
of the airplane. Figure 18-4 shows a typical camera 
mount. 

When making vertical photographs, some method has to 
be devised that will indicate the amount of ground covered 
by the lens, and exactly what part of the ground is being 
photographed at any one time. The instrument used is 
the VERTICAL VIEWFINDER. There are various types of 
vertical viewfinders. Some are mounted in the airplane 
and are an integral part of it. Others are portable and are 
mounted in a hole in the deck near the camera mount. 
Figure 18-—5 illustrates one type of portable vertical view- 
finder. In this type the ground glass viewing screen is 
interchangeable and different ground glasses, marked off 
for different focal length lenses and film plate sizes, can be 





Figure 18-5.—Portable vertical viewfinder. 
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inserted so that the view on the ground glass will match 
the area covered by the camera lens. 

The ground glass viewing screen also has lines across it to 
mark off the usable area when shooting verticals that have to 
overlap, as when making a mosaic map. In photographing 
a series of verticals to make a single strip of pictures that 
overlap to make one continuous picture, there has to be a 
minimum of 55 percent and a maximum of 65 percent over- 
lap of the pictures. This is done to insure complete stere- 
oscopic cover of the area photographed with an optimum 
amount of film. Figure 18-6 illustrates forward overlap. 
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Figure 18-6.—Forward overlap. 


When two or more strips are used together to make a 
multiple strip or mosaic map, they have to be overlapped on 
the side at least 40 percent, as illustrated in figure 18-7. 
The ground glass viewing screen has lines running its length 
to show this amount of overlap, or side lap, as it is called. 

By using the crosslines in the viewfinder, the interval 
between exposures for proper overlap can be found. To do 
this, pick up an object, such as a building, in the viewfinder. | 
As it enters the bottom crossline on the viewfinder, check | 
how long it takes to reach the top crossline. This can be 
done by using the second hand on a watch or counting the 
seconds off aloud to yourself. This will give the interval 
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Figure 18—7.—Side lap. 





Figure 18-8.—Intervalometer. 
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between exposures for proper overlap. To automatically 
set up the interval between exposures so that it will be con- 
stant, a device called a INTERVALOMETER can be used. This 
instrument is connected to the camera by a power cable, and 
by setting the interval on the scale provided, will auto- 
matically trip the shutter. Figure 18-8 shows a typical 
intervalometer. 


Types of Missions 


There are three types of missions connected with vertical 
aerial photography. They are the PINPOINT VERTICAL, the 
SINGLE-STRIP MOSAIC MAP, and the MULTIPLE-STRIP MOSAIC 
MAP. | 

PINPOINT VERTICAL.—The pinpoint vertical mission is one 
in which one or more overlapping vertical photographs, not 
to exceed four photographs, are made of an area containing 
possibly a bridge, airfield, or group of buildings. It is used 
for identification purposes and stereoscopic study. 

SINGLE-STRIP MOSAIC MAP.—A single-strip mosaic map is 
five or more overlapping vertical photographs of an area. 
It is used when the area cannot be covered by pinpoint 
verticals. It is used to photograph beaches, roads, and any 
long narrow target. 

MULTIPLE-STRIP MOSAIC MAP.—A multiple-strip mosaic 
map is a series of side-lapping single-strip verticals. It is 
used to photograph cities, islands, and any area that is too 
wide to cover with a single strip. 


Problems Encountered 


There are various problems encountered in vertical photog- 
raphy. Most of them are associated with single-strip and 
multiple-strip photography. 

One of the main problems encountered is prirt. When 
making a series of photographs and the plane is headed di- 
rectly into or away from the wind, it will fly directly down 
the course desired. (See (A) of fig. 18-9.) But if the wind 
is to one side, the plane will drift off course; the stronger the 
wind the more drift there will be. (See (B) of fig. 18-9.) 
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The pilot can compensate for this drift by angling, or 
““crabbing,’’ the plane into the wind. This will keep the 
aircraft on the desired course. However, the nose of the 
aircraft will point a little into the wind. (See (C) of fig. 
18-9.) With the plane in this attitude the camera will also 
be pointed sideways, so some means has to be used to bring 
the axis of the camera back to the line of flight. Under this 
condition the rotating ring of the camera mount is used. 
Rotating the camera mount the same number of degrees in 
the opposite direction as the pilot is crabbing the plane 
brings the camera back on the flight line. (See (D) of fig. 
18-9.) | 

Another problem in vertical photography is tT1LT. It is 
almost impossible for the pilot to keep the plane absolutely 
level all through the flight line. Air gusts will drop the nose 
of the plane and tilt the plane. To remedy this, the camera 
is provided with a spirit level, and the camera mount with 
handles to tilt the mount fore, aft, and sideways. By moving 
these handles it is possible to keep the bubble in the spirit 
level centered at all times during the flight line traverse; 
especially when the shutter is actually being tripped. A 
maximum of 3 degrees tilt is acceptable. However, an 
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Figure 18-9.—Diagram of drift and crabbing. 
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appreciably more accurate map will result if tilt is kept 
within 2 degrees. 


AERIAL FILM ACQUAINTANCE 


Film for aerial photography is basically the same as film 
for ground photography. There are four types of aerial 
film in use at the present time. They are the PANCHROMATIC, 
INFRARED, AERIAL COLOR, and CAMOUFLAGE-DETECTION 
films. Panchromatic film is used primarily. There are two 
types of panchromatic film—medium speed and high speed. 
In the future, there will no doubt be more types of panchro- 
matic film with higher speed and finer grain. 

MEDIUM-SPEED PANCHROMATIC FILM.—At the present time 
the medium-speed panchromatic film used is the Kodak 
Super XX Aero-Panchromatic film. It has good contrast, 
wide latitude, satisfactory resolving power, and low graini- 
ness. It has a slightly higher than normal sensitivity to 
red light, thus permitting greater speed through haze-cutting 
filters. It has an exposure index of 100. The sensitivity of 
the emulsion to colors of visible light is approximately the 
same as that of the humaneye. This film is used for general 
daylight aerial reconnaissance and mapping purposes. 

HIGH-SPEED PANCHROMATIC FILM.—Kodak Tri-X Aero- 
Panchromatic is the present day high-speed panchromatic 
film. It has an exposure index of 200. It is similar to 
Super XX in all respects, except for increased graininess. 
It is normally exposed through the same haze-cutting filters 
as Super XX. This film characteristically loses its high- 
speed sensitivity after long storage, and should be used as 
soon as possible. It is used for night photography and day 
photography under adverse hight conditions. 

INFRARED FILM.—Infrared film is a black-and-white film 
primarily sensitive to blue-violet and infrared radiations. 
It is normally exposed through a red (Wratten 25A) or a 
deep red (Wratten 89A) filter. The red filter eliminates 
blue light in order that the exposure may be made by red 
and infrared radiation. The deep red filter eliminates all 
visible light; thus, the exposure is made by infrared radiation 
alone. It is usually advantageous to refocus the lens for 
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the long infrared rays, although acceptable results are ob- 
tainable using fixed-focus cameras adjusted for conventional 
panchromatic photography. Grey tones on infrared film 
result from the degree of infrared reflectiveness of the object 
and not from its color. The latest infrared film has an 
exposure index nearly equal to that of Super XX. The 
unusual effects presented by the varying infrared reflectivity 
of different objects are often of considerable value in photo 
interpretation. Live vegetation registers a light tone, in 
sharp contrast to noninfrared reflective objects, such as 
water and many cultural objects which appear dark on the 
print. This fact often permits the delineation of vegetative 
types and the detection of camouflage when noninfrared 
reflective green paint or cut vegetation is used. 

Photography taken with infrared film will normally pene- 
trate more haze than that obtained with panchromatic film. 
Caution should be exercised in the use of infrared film as the 
lack of detail and unusual tone rendition may offset the value 
of the slightly greater haze penetration. 

Cotor Fitm.—Kodak aerial Ektachrome is presently 
being used in the Navy. It is a three-layer emulsion, mono- 
pack, reversal color film of the subtractive type. It is sensi- 
tive to and produces all visible colors when correctly exposed 
and processed. Special filters and special processing chemi- 
cals must be used. The exposure index is 40. Because of 
its slowness, color film can be used only with optimum photo- 
graphic conditions. 

Color photography is most useful where a knowledge of 
the actual color of an object is the primary means of recogni- 
tion. Frequently, different colors may reproduce in the 
same tone of grey on monochrome film. In these cases, 
color photography may provide the necessary information for 
positive indentification. It will often be found advantageous 
to expose color film simultaneously with panchromatic film 
in order to obtain the added advantage of observing certain 
features in their natural colors. 

CAMOUFLAGE-DETECTION FILM.—This film is a reversal 
color film of the subtractive type designed for the detection, 
by aerial photography, of objects painted with infrared- 
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absorbing green paints to represent foliage. The film re- 
sembles Ektachrome aero film in that there are three separate 
emulsion layers superimposed on the support. The film is 
sensitive to red and green light and to infrared radiation. 
Blue light is eliminated by an orange (Wratten 15) filter. 
Infrared reflecting objects appear blue, and blue objects 
appear black (due to the elimination of the blue light by the 
orange filter). The film’s camouflage-detection quality 
results from the fact that natural foliage greens appear red- 
dish, while infrared-absorbing greens appear purplish or 
bluish. 


Table 18-1.—Sizes of various types of aerial film. 


Film types Width Length 
(inches) (feet) 

Medium-speed panchromatic_-_._.----.-------- 54 20 
| 7 18 

7 62 

7 125 

9% 75 

914 200 

9% 390 

High-speed panchromatic. .-_-..--------------- 54 9 
54 20 

7 18 

7 62 

7 125 

944 75 

9% 390 

TR PATCG 3520426 5 ete eee eee soe oe ee 9% 75 
914 390 

CONOR iets Sips Basa Siete oO Seay tec ee ee 5% 20 
7 18 

7 125 

914 75 

914 200 

Camouflage detection_.__..._._.....--2--____-- 945 9 
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Film Sizes 


Aerial film comes in various widths and lengths for the 
different types of aerial cameras available. Table 18-1 
lists the sizes presently available. 


Film Bases 


Aerial film is supplied with two types of bases. One is the 
RECONNAISSANCE base, the other is the TOPOGRAPHIC base. 
‘The reconnaissance base film is used where film shrinkage is 
not critical. Topographic base film is a low-shrinkage type 
film, prepared so that the dimensional changes which it 
undergoes in developing or storing are reduced to a minimum. 
"Topographic base film should be used on all mosaic mapping 
assignments. 


TYPES OF AERIAL CAMERAS 


There are various types of aerial cameras in use at the 
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Figure 18-10.—CA-3 (K-17) aerial camera. 
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present time, and new ones are being manufactured quite 
rapidly. Table 18-2 is a list of some of the presently avail- 
able aerial cameras, by series. 

But you must keep in touch with new developments at all 
times to become familiar with new cameras as they become 
available. Some to keep in touch with, in addition to those 
to those in Table 18-2, are CA-14A (F-11), CA-13B (K48), 
CA-17A (K47), KB-10A, KB-11A, CAS-2A, KB-10A, 
KB-11A, CAS—24 and the CAX-12 system (LA-26, LA—27, 
LA-28, LA-29, LA-30). It will be noted that within a 
series the same camera will be available with different focal 
length lenses. With the exception of the CA-1 series, all 
the others have one basic camera body, upon which each 
focal length lens cone of that series can be attached. Figure 
18-10 shows a typical aerial camera. 


Table 18-2.—Aerial cameras presently available. 


Series and type Electrical or Vertical or Focal Handbook of operation 
manual operation} oblique use length 








CA-1: F-56_| Both_..__-- Both_-_-_-_ 844 in__| NavAer 10-10R-—3. 
20 in__- Do. 

CA-3: K-17_| Both... ._-- Both. __-| 6 in__..| AN-10-10AC-21. 
12 in_._ Do. 
24 in_. _ Do. 


CA-6: K-20_| Manual_-_--| Oblique__| 6% in__| AN-10-10AC-—25. 


CA-7: K-25_| Electrical___| Both__-_-- 6% in__| AN-10-10AC-15. 


err | i | 


CA-17: K- Electrical___| Vertical__| 12 in.__.| AN-10-10AC-48. 


CA-13: K-— | Electrical___| Vertical. _| 24 in_._| TO-10-10AC-65. 
38. 36 in___ Do. 


CAS-2: S—-8_! Electrical___| Vertical__| 100mm_| AN-10-10AC-109. 
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40 in__- Do. 


VERTICAL AERIAL COVERAGE 


A vertical photograph is a detailed map of the area shown. 
The area covered by the photograph may be quite limited, 
especially if the photograph was taken from low altitude. 
By working from higher altitudes, a larger area is included, 
but each part of the area is shown in a smaller size. The 
area covered may be increased by taking additional photo- 
graphs, provided these photographs overlap one another 
so that they may be viewed stereoscopically. The making of 
such a series of photographs requires careful planning and 
cooperation between the photographer and the pilot of the 
aircraft used. 

Several calculations must be completed before an estimate 
can be made concerning the amount of materials required 
to complete any mapping mission. The usual problem is to 
determine the scale required in the pictures, or having this 
scale given, to determine the lens and altitude combination 
which will produce such a scale. Then comes the question 
of how much ground can be covered in each picture, how 
many flights across the area will be needed, and how many 
rolls of film will be used for the job. In this chapter the 
method of determining scale, altitude, and focal length 
required for a specific scale will be discussed. 


Image-Object Relationship Formula 


Usually the area assigned to be mapped is indicated 
roughly on a chart, and its maximum boundaries are given. 
The scale fraction of this chart, or its hnear scale, is important 
information for use. The amount of area to be covered will 
be found from one of these scales. 

The scale of a map is usually quoted as a common fraction 
and read asaratio. For example, the scale may be given as 
1/10,000 on the map, but is read ‘fone to ten thousand,” 
as if it were written 1:10,000. It may also be written as a 
ratio. In either case, it means that one unit of measure on 
the map is equal to 10,000 such units on the ground. Figure 
18-11 shows a typical chart legend showing scale. 

The first problem that will be encountered in an aerial 
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Figure 18-11.—A standard chart legend showing scale. 


mapping problem will be finding the scale of the mosaic 
map. If the scale that is required is given, then the altitude 
and focal length will have to be found to get that required 
scale. _ 

The scale of a photographic mosaic map is calculated as 
follows: 


Let S=Scale of the map 
F=Focal length of the lens 
A=<Altitude above the ground 


As F isin inches, A (altitude measured in feet) is multiplied 
by 12 to convert to the same unit of measurement (inches). 


F 


Then, | S= 12A 


Example: What is the scale of a map taken from 15,000 
feet altitude, using a 12-inch lens? 


2 2d 
12X15,000 180,000 ~ 15,000 





Therefore, the scale is 1/15,000. That means 1 inch on the 
picture equals 15,000 inches on the ground. 

When the focal length and the scale are known, apply the 
following formula to find the altitude to fly: 
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F 


A=T95 


Example: A map with a 1/15,000 scale is to be flown with 
a 12-inch lens. At what altitude does it have to be flown? 


12 — 12 = 12 15,000 _ 180,000 
121/15,000 12/15,000 — 12 12 








=15,000 


Therefore, the altitude that will have to be flown is 15,000 
feet. 

If the altitude and the scale are known, the following 
formula will find the focal length needed: 


F=12AS 


Example: A map with a 1/15,000 scale is to be flown at 
15,000 feet. What focal length lens is needed? 


__ 180,000 


F=12X15 00075 O00 000 15,000 


=12 





Therefore, the focal length to be used is 12 inches. 


INTRODUCTION TO AERIAL RECONNAISSANCE 


Aerial reconnaissance is the making of aerial photographs 
of enemy territory for photographic interpretation purposes. 

Aerial photography can be used to collect information over 
otherwise inaccessible areas. This is perhaps its most 
important military advantage. The photograph is a perma- 
nent record of the vast amount of detail within the camera’s 
fieid of view. By means of the photograph, a first-hand 
impression of the target is made available to the expert most 
qualified to interpret it, though he may be many miles 
distant. 

Aerial photographic reconnaissance is limited by weather, 
light conditions, availability and performance characteristics 
of aircraft, film, cameras, and by the enemy. 

Many factors are involved in the successful accomplish- 
ment of a photo-reconnaissance mission and the safe return 
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of the aircraft. Intelligence, aerological, flight, and photo- 
graphic personnel must work in close cooperation during 
flight planning. The purpose for which the photography is 
desired, however, will influence all phases of flight planning. 


Day Reconnaissance 


The major portion of all reconnaissance photography is 
taken in the daylight hours. There are various types of 
missions and types of coverage in day reconnaissance 
photography. 

The STRATEGIC RECONNAISSANCE MISSION 1s flown for the 
purpose of making maps and map substitutes, and for 
deriving strategic intelligence, either general or specific. 

The TACTICAL RECONNAISSANCE MISSION is flown for the 
purpose of making hasty local area maps and map substitutes 
for tactical use. 

The following types of coverage are encountered in day 
reconnaissance photography. 


SINGLE VERTICAL RECONNAISSANCE STRIP.—A _ series of 
consecutive vertical photographs, usually overlapping by 
60 percent, is called a single vertical reconnaissance strip. 
This type of coverage is used on beaches, roads, railroads, 
or other long, narrow targets. 


MULTIPLE VERTICAL RECONNAISSANCE STRIP.—When the 
area to be photographed is of such a width that it cannot be 
covered at the desired scale by means of a single vertical 
strip, then a system of parallel strips is employed. When 
the target is heavily defended, this type of coverage is 
usualiy accomplished simultaneously by several aircraft (one 
for each strip desired). Over weakly defended areas, a 
single aircraft, flying successive flights, may accomplish the 
same result. 

OBLIQUE PHOTOGRAPHY.—Oblique photography is used in 
the following ways: 

1. As individual exposures covering the target from 
predetermined angles and altitudes. 

2. As stereoscopic pairs or triplets covering the target 
according to a predetermined plan. 
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3. As oblique strips—consecutive oblique photographs 
which need not overlap, but usually overlap. Complete 
oblique stereoscopic coverage of the target is provided by 
this method. Eighty percent overlap on optical axis for 
oblique photography is incorporated into the camera control 
systems installed in the F8U-1P and A3D-2P aircraft. 

Dicinc runs.—Dicing runs are vertical or oblique runs 
made at high speed and low altitude in order to cover small, 
heavily defended areas. Dicing runs are usually accom- 
plished by fighter-photo aircraft. 

TRIMETROGON COVERAGE.—The trimetrogon installation 
consists of three wide angle cameras (one vertical and left 
and right oblique) whose fields overlap each other so that a 
photographic strip is made from horizon to horizon across 
the flight line. It is used to expedite plotting and to make 
target searches. Also it is often used to supplement long- 
focal-length cameras in large aircraft. 


Night Reconnaissance 


Night photography, although often difficult to plot and 
usually inferior to that taken in daylight, is of vital impor- 
tance because it provides information unobtainable at any 
other time. The information obtained by night photog- 
raphy includes the following: 

1. ENEMY MOVEMENTS. Night movements of shipping, 
ground troops, ground supply trains, and convoys may be 
detected. 

2. CAMOUFLAGED INSTALLATIONS. Guns or other installa- 
tions which mav be covered during davlight reconnaissance 
are frequently visible in night photography. 

3. STRIKE ASSESSMENT. The location of bombfalls and 
damage inflicted by night bombing missions is made possible 
by night photography. 

For night photography at high altitudes, the camera is 
synchronized to a photoflash bomb by a photoelectric cell 
which, when activated by light from the flash bomb, trips 
the shutter. Photoflash bombs are designed by use of trail 
plates to fall short of the normal bomb trajectory and burst 
outside the camera angle. Figure 18-12 shows this tech- 
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Figure 18-12.—Synchronized flash bomb technique. 


nique. The fuse is set to explode the flash bomb at ap- 
proximately 60 percent of release altitude (up to 17,500 feet 
burst altitude) of the photo plane. The bombs are extremely 
sensitive and require careful handling. Overlapping stereo- 
scopic coverage may be produced by using an intervalometer 
to drop the flash bombs in series. 

The low-altitude method is designed to take photographs 
at high speeds at altitudes from 1,000 to 3,000 feet. Small 
flash cartridges are ejected by a cartridge ejector to a pre- 
determined explosion point below and behind the aircraft. 
A vertical night camera is synchronized by a photoelectric 
cell to the flash resulting from the cartridge explosion. 

At the higher aircraft speeds, overlap will drop con- 
siderably below the usual 60 percent, but complete coverage 
will be obtained. 


788 


Aircraft Employed 


Large aircraft are generally used for long-range, high 
altitude, single- or multiple-strip reconnaissance, high- 
altitude obliques, or mapping. Thev have longer ranges 
and can accommodate more diverse cameras than fighter 
aircraft. They furnish a stable platform which reduces 
pitch and roll, thereby improving the quality of photography. 
In most cases they have space for photographic personnel to 
operate the cameras, thus permitting camera leveling and 
camera adjustment during flight. Large aircraft are pro- 
vided with accurate methods of maintaining flight lines 
(bombsight, viewfinder, etc.), whereas many fighters are not. 

Large aircraft, however, have disadvantages. They are 
slower than fighter aircraft; they are more vulnerable, except 
in groups, to enemy interception aircraft; and they cannot be 
safely used for low-altitude flight over heavily defended 
areas. 

Fighter-photo aircraft are generally used for high-altitude 
single- or multiple-strip reconnaissance, high-altitude ob- 
liques, or low-altitude vertical and oblique dicing runs. 
They have great speed and are capable of either high- or 
low-altitude operation. Their maneuverability provides 
considerable protection from enemy aircraft and antiaircraft 
fire, before and after the photographic run. 

Fighter aircraft carry only a limited amount of camera 
equipment on a platform which is normally less stable than 
the large aircraft; and there is only limited provision for 
inflight camera adjustments. The fighter has a shorter 
range and, usually, less accurate methods of maintaining 
flight lines. 


Camera Installations 


MOUNTING METHODS FOR OBLIQUE CAMERAS.— The smaller, 
lighter aerial cameras are usually hand-held and operated by 
a photographer. Cameras mounted in such a manner that 
a photographer can aim and operate them at will, vet not 
have to support the entire weight of the camera, are de- 
scribed as semifixed. Fixed oblique mounts with auto- 
matically operated cameras are used most often in fighter 
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aircraft. They are mounted with the camera axis depressed 
3, 6, 15, or more degrees below the horizon and are aimed by 
sighting across a mark on the wing or by cockpit sights. A 
right-angle prism is sometimes used in front of the lens to 
obtain the desired angle of view. 

MOUNTING METHODS FOR VERTICAL CAMERAS.—In large 
aircraft, vertical cameras are mounted in conjunction with a 
viewfinder. Although the cameras are electrically operated, 
a photographer is available to set the aperture and shutter 
speed, to make the crab adjustment, and to level the camera 
at the instant of exposure. Fixed vertical mounts in small 
aircraft do not always permit camera-leveling or adjustment 
for crab. The exposure interval is often the only factor 
which can be controlled by the pilot from the cockpit. 

SPLIT-VERTICAL INSTALLATION.—This installation consists 
of two cameras, each slightly tilted from the vertical. The 
amount of tilt is sufficient to increase lateral coverage by a 
large percentage but not enough to destroy the vertical 
appearance of the photography. The primary value of the 
split-vertical installation is that it takes in more terrain at a 
given altitude. 

FAN-TYPE CAMERA INSTALLATIONS.—There are several 
formal fanlike arrangements of cameras which are commonly 
used. The trimetrogon installation, involving three cameras 
placed to give horizon-to-horizon small scale mapping cover- 
age is one type. Two other setups using either four or five 
cameras of the same long focal length (24 or 36 inch) are 
installed fan-wise to give approximately horizon-to-horizon 
coverage of relatively large scale photography for recon- 
naissance purposes. 

MULTIPLE CAMERA INSTALLATIONS.—The most common 
installation for photographic reconnaissance involves a 
miscellaneous grouping of cameras of the same or different 
focal lengths installed to cover one or several assignments. 

For example, medium-focal-length or long-focal-length 
cameras might be tied in with a camera of short focal length 
whose pictures would be used only for plotting. Or several 
cameras might be installed, one for vertical coverage, the 
others for oblique coverage with varying dip angles. A con- 
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tinuous-strip camera and a conventional camera might both 
be placed in the same plane. Several long-focal-length 
cameras, such as a 24-inch and a 36-inch, or cameras of the 
same focal length but using different kinds of film, might be 
used for simultaneous vertical photography. 


FILM PROCESSING EQUIPMENT 


The processing of aerial film is an art in itself. The 
success or failure of any aerial photographic mission depends 
largely on the proper development of the aerial film. No 
matter how well the photographer covered his assignment in 
the air, all his efforts can be ruined by poor development of 
the negative. 

Aerial film developing differs from regular film developing 
due to the fact that aerial film comes in widths of 70mm 
inches to 9% inches, and lengths of 19 feet to 390 feet. 
Special equipment has to be used to develop and dry this 
amount of film properly, so that there will be no developing 
streaks, scratches, dirt, drying marks, and other defects to 
the film. The proper use of this equipment has to be learned, 
so that all the steps in its use become second nature to the 
aerial film processor. 


Developing Kits 


For the developing of aerial film the Navy has various 
types of developing kits. They consist of three tanks for 
the developing solution, water, and fixer; two reels on a 
frame to hold the film during development; and a motor to 
agitate the film during development. Figure 18-13 shows a 
typical developing kit. 

The film reel unit consists of a metel frame which holds 
twospools. At the top and the bottom of each spool is a wide 
flange to keep the film on the spool straight. The top flange 
is adjustable from 70mm to 9% inches, to accommodate the 
different widths of aerial film. There are three guide posts 
on the top of the frame for the motor to sit on. The motor 
drive pulls the film from one spool to the other, providing 
adequate agitation. When the film is all wound off one spool, 
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Figure 18-13.—DA-4 (B5-A)) developing kit. 


a friction clutch reverses the drive of the motor unit, and the 
film is rewound to the opposite spool. There is also a handle 
on the top of each spool for manual winding of the film from 
one spool to the other. 

A definite procedure should be adhered to when developing 
aerial film. Be familiar with the type of equipment to be 
used, and always use the same procedure each time. That 
is the only way consistent and uniform results can be 
obtained. 

It is a good practice to develop one sequence of setting up 
the developing kit for use, then nothing will be forgotten, 
and when the lights are out you will always be able to find all 
the equipment. Place the three tanks in a deep sink and fill 
them with the proper solutions. One tank will have a 
bracket on one side of it. This is for a water hose for use 
during the washing of the film. Fill this tank with the rinse 
water. Have the developer tank at the left, the wash tank 
in the middle, and the fixing solution at the right. Do this 
every time and you will never put the film in the fixer first by 
mistake. Place the film reel unit on its side, with the top 
towards you, and the center guide post up. 
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Place the motor drive unit in a convenient place so that it 
will be easy to find in the dark. Place the roll of exposed film 
on the table next to the film reel unit. Most models of 
developing kits have a loading bracket which can be attached 
to the film reel unit, and the roll of film can be placed on the 
bracket to aid in spooling the film onto the film reel unit. 
If this is available, attach it to the reel unit. Lay out a pair 
of scissors to cut off the leader and trailer on the film. Set 
the interval time to the correct developing time. When all 
is ready, TURN OUT THE LIGHTS. 

In total darkness remove the exposed film from its con- 
tainer. Place the film on the loading bracket, if one is be- 
ing used. Pull out the trailer of the film until it is all wound 
off the spool. Cut the trailer off, and then insert the end 
of the film in the reel opposite the side to which the loading 
bracket is attached. Lock the reel lock securely, and wind 
the film onto the spool EMULSION ouT. When the film leader 
is reached, cut it off, and insert the end of the film in the 
empty spool, locking the reel lock securely. 

Immerse the film reel unit in the tank containing the rinse 
water, for pre-soaking. Wind the film by hand from one 
reel to the other, once in each direction. Remove the reel 
assembly and drain the excess water. 

Start the interval timer, and immediately immerse the 
film reel unit in the developer tank and rapidly wind the 
film by hand to the empty reel and back. The reel should 
be hand operated approximately 25 percent of the total de- 
veloping time, after which the motor drive assembly may be 
attached. 

At intervals during development, beginning after one- 
third of the developing time has elapsed, inspect the image 
on the film by turning on the safelight and lifting the film 
out of the developer for a few seconds. ‘This inspection will 
enable you to shorten or lengthen the developing time to 
overcome error in exposure of the film. If the film is cor- 
rectly exposed, the inspection will increase your skill in 
recognizing a correctly exposed and normally developed film 
at all stages of the process. 

When development is concluded, uncouple the motor unit. 
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Then lift the film unit out, drain it, place it in the rinse 
water tank, and rapidly wind the film by hand to the empty 
reel and back. 

Place the unit in the fixing tank and engage the motor so 
that the roll of film will pass back and forth between spools 
during the period of fixation. After 5 minutes of fixation 
the white lights may be turned on. 

After the film is fully fixed, put the film back in the tank 
with the rinse water in it, turn the water on, making sure 
that the hose is securely placed in the bracket provided in 
the rinse tank. Wash the film thoroughly, with the motor 
drive unit—75 feet of 9%-inch film should be washed approx- 
imately 20 to 30 minutes. 


Machine Processing 


In the field of machine processing, there is the EH-8 
processing machine. It is used to process 70mm _ film 
automatically. Additional automatic film processors will 
be incorporated into all Navy photographic activities as 
they are developed. This will provide more uniform quality 
and quicker results in processing aerial film and paper. 


Aerial Film Dryers 


Aerial rollfilm must be dried carefully, and usually with 
great speed. If the film is not dried with an even tempera- 
ture, and without undue strain on it, it will stretch and have 
drving marks, and no doubt dirt on it. 

The Navy has available to all photographic laboratories 
automatic aerial film drvers. There are various models and 
tvpes, so a description of them will not be given here. All 
models have handbooks of operation and service with them, 
and all information concerning them can be derived from 
these publications. 

The basic design of an aerial film dryer is a machine in 
the form of a drum, around which a series of chain driven 
rollers run to keep the film moving correctly. The film is 
fed into the machine at one point, and a motor which drives 
the chain driven rollers carries the film around the outside 
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of the drum. There are heaters inside of the drum which 
heat the air. A fan blows the air outward to the edge of 
the drum, where there are slits for the air to pass through 
and hit the film. This air also keeps the film against the 
rollers. 

As the film emerges dry from the trip around the drum, it 
is wound on a take-up spool. The dryer operates at a uni- 
form speed which assures the same degree of dryness from 
one end of the film to the other. There is a variable speed 
transmission on the drive motor which can be used to change 
the speed of the drive to compensate for the humidity in the 
air. 


BASIC AERIAL PRINTING EQUIPMENT 


In aerial photography it is less important that an artisti- 
cally beautiful picture be made, than it is that the picture 
have the best possible detail. In the printing of aerial neg- 
atives the main thing to remember is to reproduce the fullest 
detail of the negative. This does not mean that the aerial 
print has to be flat, gray, or lifeless. What is actually 
needed is detail in shadows and highlights along with bril- 
liance. Do not make the prints too contrasty, or detail will 
be lost in one end of the scale or the other. When there is 
brilliance in the print, coupled with the required detail in 
both ends of the scale, the detail will show more clearly. 

Prints should be of the same average tonal quality. It is 
most unsatisfactory to try to lay down a mosaic of mixed 
dark and light prints. The negatives were all taken at the 
same shutter speed and aperture. Correct development of 
the negative roll produced uniform density and contrast. 
Therefore, the only three factors that could result in prints 
of different tone values are: 

1. Variations in the exposure of the contact printing paper. 

2. The use of paper of the same contrast grade but of a 

different emulsion number. 

3. Variations in the time of development of the prints. 

It 1s presumed that all prints from a given set of aerial 
negatives will be made on paper of the same degree of con- 
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trast. Once the correct degree of contrast has been deter- 
mined, use that particular grade of paper for all prints in 
that set. 

Similarly, when the correct printing exposure has been 
established, be as careful as possible to give each print the 
same time, using an automatic electronic timer if it is 
available. 

Be sure that all the paper being used bears the same 
emulsion number because this type of variation alone may be 
the cause of poorly matching prints. 


Contact Printers 


The ordinary contact printers used in amateur or profes- 
sional photography are not suitable for printing aerial 
negatives because they are not adapted to take rolls of film. 
They also do not have adequate means of dodging, as many 
aerial negatives, particularly those made with wide angle 
lens, have quite a variation in density. 

The contact printers used for aerial negatives are mainly a 
box containing a group of lamps, usually low-wattage argon 
lamps for the printing lights, a white light for an inspection 
lamp, and a safelight, usually an amber bulb. The printers 
usually contain from 24 to 48 printing lamps, depending on 
the size of negative for which they are made. Each lamp 
has a separate ON-OFF switch so that accurate dodging is 
easily done. The printers are provided with a hinged lid, 
and a rubber bladder, to insure even contact of the paper 
with the negative. Most of the printers have the printing 
light switch attached to the lid, or platen, of the printer. 
As the lid is closed, the printing hghts come on, making the ex- 
posure; as the lid is lifted, the lights go out, completing the ex- 
posure. Electronic timers can also be connected so that 
when the lid is closed the exposure is started, and the ex- 
posure is completed with the electronic timer. 

All aerial contact printers have provisions for holding the 
rolls of aerial film, and the whole roll can be printed without 
cutting. Figure 18-14 shows a typical aerial contact printer. 
They come in two sizes, 10 x 10 inch, for printing 9 x 9 inch 
negatives, and 10 x 20 inch, for printing 9 x 18 inch negatives. 
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Figure 18—14.—10 x 20 inch aerial contact printer. 


One other type of contact aerial film printer is the con- 
tinuous strip printer. When the continuous strip aerial 
camera was developed, some means of printing the negatives 
had to be devised. Out of this came the continuous strip, 
or, as it is known, ‘“‘the Sonne”’ printer. In this type printer 
the roll of negatives moves continuously through the printer 
in contact with a roll of printing paper, across a narrow 
illuminated slit. 


The exposed and processed film is placed on the machine 
and threaded through to a take-up spool. The roll of paper 
is placed in the machine and then threaded through to its 
take-up spool. When the machine is put in operation, with 
the paper and negative emulsions in contact, they pass 
across a slit which permits light from the printing lamps to 
expose the paper. The length of the exposure time can be 
regulated by the speed the film and paper is moved past the 
printing light. The intensity of the light can be regulated 
by changing the width of the slit through which the printing 
light is exposing the paper. Figure 18-15 shows a typical 
continuous strip printer. 


As each type of aerial film contact printer is different, 
refer to the handbook of operation and service for preventive 
maintenance on each one. 
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Figure 18-—15.—Continuous strip printer. 


Projection Printers 


Projection printers, or ENLARGERS, for aerial work are 
basically the same as the enlargers for ground still negatives. 
They are built larger and more rigid to accommodate the 
large negatives. They have special negative carriers with 
adapters to hold the roll of aerial film so that it will not have 
to be cut for printing. Most of the models in use in the 
Navy have fluorescent tubes to provide even illumination 
over the entire negative. Figure 18-16 shows a typical 
projection printer for aerial negatives. 
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Figure 18-16.—Aerial projection printer. 


Projection printers for cartographic work have adjust- 
ments to permit tilting and tipping the baseboard on which 
the easel sits; and the lens board also can be tilted. These 
features are used to correct for distortion in a negative. 
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QUIZ 


. An officer in the Engineering Corps of what army made the first 
aerial photographs by sending aloft a glass-plate camera on a 
string of kites? 

a. Italian 

b. British 

c. French 

d. German 
. The first recorded aerial photographs from an airplane were made 
by a motion picture camera in the year 1909 by 

a. Capt. Eddie Rickenbacker 

b. Wilbur Wright 

ec. Glenn L. Martin 

d. Glenn Curtis 
. In World War I, the first major power to use aerial photography for 
reconnaissance and military intelligence was 

a. the United States 

b. Great Britain 


c. France 
d. Germany 
. Prior to aerial photographic missions, detailed planning is essential 
between the photographer assigned and the __________ in order to 


obtain the best possible results. 

a. photo officer 

b. pilot assigned 

c. leading chief 

d. plane captain 
. During an aerial photographic mission, good communication 
between the pilot and photographer is necessary in order to 

a. expedite the mission 

b. insure accuracy 

c. prevent misunderstanding 

d. all of the above 
. The primary duty/duties of a photographer attached to a photo- 
graphic squadron temporarily based aboard ship is/are to 

a. print officer portraits 

b. copy flight charts 

c. install, check, and maintain photographic equipment used in 

the airplanes assigned 
d. operate flight deck cameras 


800 





© 


10. 


11. 


12. 


13. 


. What type aerial oblique would be shot for orientation of an area? 


a. Low oblique 

b. An oblique view that includes no sky 
c. High oblique 

d. None of the above 


. A low oblique is one taken at an angle that will 


a. include all of the target in lower 4% of picture 
b. contain no sky 

c. contain 4 sky 

d. contain 4 sky 


A high oblique is one which is usually taken at an altitude not 
greater than 


a. 5,000 ft. 
b. 1,000 ft. 
c. 500 ft. 

d. 1,500 ft. 


A vertical photograph made with a 12-inch focal length camera 
of 9 x 9 inch plate size, with a scale of 1/15,750, was necessarily 
made at an altitude of feet. 


a. 15,750 
b. 15,000 
c. 15,800 
d. 16,000 


Dicing runs are vertical or oblique runs usually accomplished by 
fighter aircraft at 





a. high speed and high altitudes 
b. slow speed and high altitudes 
c. slow speed and low altitudes 
d. high speed and low altitudes 


If a 300-foot ship photographed with a 10-inch lens gives a 3-inch 
image, what focal length lens will give a 6-inch image at the same 
altitude? 

a. 12-inch 

b. 84-inch 

c. 24-inch 

d. 20-inch 


Projection printers or enlargers for aerial work are basically the 
same as the enlargers for ground still negatives, except they 

a. are fixed focus 

b. use incandescent bulbs 

ec. have a built-in dodging device 

d. have fluorescent tubes 


801 


14. 


15. 


16. 


17. 


18. 


19. 


The fact that the aerial contact printers have individual switches 
for local dodging facilitates printing negatives made with a 


a. narrow angle lens 

b. normal angle lens 

c. wide angle lens 

d. both narrow and normal angle lens 


The light used for exposure in aerial contact printers is produced by 


a. amber bulbs 

b. argon bulbs 

c. white fluorescent bulbs 
d. mercury vapor lamps 


The purpose of the rubber bladder on the hinged lid of the aerial 
contact printer is to 

a. insure even contact of paper and negative 

b. dodge out unwanted areas of the negative 

c. reduce static electricity during printing 

d. none of the above 


When flying a single strip in vertical photography, what should be 
the percentage of forward overlap? 


a. 40 to 56 
b. 45 to 58 
c. 51 to 60 
d. 55 to 65 


In vertical aerial photography what is the maximum permissible 
amount of tilt in degrees? 


a. 3 

b. 4 

ce. 34 

d. 2 . 
When flying mapping missions for the U. S. Hydrographic Office, 
one would use ______—__ film to give low-shrinkage in the fin- 
ished negative. 

a. reconnaissance base 

b. topographic base 

ce. infrared film 

d. any of the above 
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CHAPTER 





ADMINISTRATION 
ADMINISTRATIVE FORMS AND RECORDS 


In order to have a properly organized photographic labora- 
tory, it is necessary to maintain proper records. To insure 
that all laboratories within the Navy will be uniform in this 
respect, a definite system has been established. This system 
is set forth in the Manual of Naval Photography, OpNavInst 
3150.6A. Everyone in a photographic laboratory must be 
capable of understanding and using this system. By using 
this system, a photographer can be transferred from one 
laboratory to another, and he will be able to start right into 
work, as a different system will not have to be explained to 
him. 


The Job Order Form 


A job order form is used to record every job entering a 
photographic laboratory. No work will be accomplished 
without a job order that is properly prepared and signed by 
the Photographic Officer or his authorized representative, 
usually the Leading Chief. This job order shall accompany 
the work being performed through every phase of the photo- 
graphic process; and all expenditure entries should be filled 
in as they are made. 

The job order is also used as the receipt for the work per- 
formed, as the person picking up the finished job is required 
to sign the job order. 

The job orders are numbered consecutively, and are filed 
in the same manner. The filed job orders are used for the 
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PHOTOGRAPHIC LABORATORY 
U.S.S. Tuscarora 
Job Order No... 2. 8 ee Date: .: 52 inte 
Brom: 82623 24a, tee ee ee ee es ee ee, Cty 
It is requested that the following photographs be made and 
delivered :t0) 2:-.2< Shee hy a ee ee 


we nee eee cee ee eee remns pec ees cs ere rere ete cee cee emma te scene + eee 


. Approx. No. of views required Delivery required .............._....... 


. No. of prints each neg..................... 31 Paper ss 2.20 ee 
(Matte or Glossy) 


. For details see we. 


Routine Urgent Priority Approved. sc f0 20 oo be he ee i 


WORK RECORD 
NEGATIVES 


Made. by 222.0 es eo No. Negs. Made...... 

Camera . ee eee , ime . veeeeeeeeeerecenee eee SIZE Of Nega.. 
Location .......... .. Type of film ._......... 

(FOR AERIALS) Altitude _....... ................ Focal Length. 0... . Light Cond... . 
Pilot 2 0... 


(Name) —<CSsCi‘ Ra it 
PRINTS 

Made by. 0 cette No. prints each... ... No. Negs. printed... pote aE 

Size of prints ow... 


Remarks o..cecc. scccccecccesceccevececceceesceecerteceseeeseseeee-eeee Weight and finish 00 0. 
(SW or DW, Gloesy—Matte) 


wu Total paper used... 
(No. sheets—grade) 


Checked by og Tee AORN a Bes oe he eae 


DO NOT DETACH 
Sign and return to the Photographic Laboratory, U.S.S. TUSCARORA. 


Received this date the following 
prints as requested above: 


(Signature) 





Figure 19-1.—Sample job order form. 


preparation of the work performed page of the Photographic 
Report, NavAer 453. 

The job order will be filed for one year from the date of its 
completion, after which time it can be destroyed. Figure 
19-1 shows a tvpical job order form. 
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The Job Order Log 


A job order log will be maintained in each photographic 

laboratory. This log will contain: 

. Serial number of the job order form. 

. Date the job was requested. 

. Person and/or activity requesting job. 

. Description of subject to be photographed. 
Number of views and size of film required. 
Number, size, and type of prints required. 

. Security classification of the job. 

. Date finished work was delivered. 

. Person to whom completed work was delivered. 

The job order log serves as a ready reference to the work 
in progress within the photographic laboratory. It also gives 
the job order desk a record of the job in case the job order 
form is lost or misplaced while the job is being completed in 
the laboratory. 

The log serves as a statistical record of all work performed, 
and as a historical record, even after the job order forms are 
destroyed. The job order logbook will be destroyed two 
years after it is completely filled. 
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Negative Logs 


Still picture negative logs shall be maintained by photo- 
graphic laboratories in accordance with the following instruc- 
tions: 

1. The form of the logs shall be as shown in figure 19-2. 


FILE | DATE | PHOTOG- | NEG. SIZE 

CODE | TAKEN | RAPHER | AND Sze | 

CV-18-164 Cc 5/1/46 ‘ESC 4x65G./ Crash of F6F-5 BuNo. 69436 into| Conf. | At sea near | Air Officer 
barrier USS WASP, Pilot, J.J. Jones, Point Loma.; 

Ens. USN-VF 18. 


SERIAL DESCRIPTION OF SUBJECT 


CLASSI-_ | GEQGRAPHIC | AUTHORIZA- 
FICATION | "LOCATION TION 




















Figure 19-2.—Still picture negative log. 
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2. The serial number shall be as outlined in this chapter, 
in the section on ‘Negative Files.” 

3. The file code letter designates the subject group under 
which the file print is filed. In figure 19-2, for example, the 
letter C means that the file print was mounted and filed in 
the C (Crash) section of the print file. 


GENERAL NEGATIVE’ LoG.—Complete data on all still 
photography negatives which are classified confidential or 
lower shall be entered in the general negative log. Each 
photographic laboratory shall maintain a general negative 
log. This log shall be classified confidential and shall be safe- 
guarded in accordance with existing security regulations. 


SECRET NEGATIVE LoG.—Complete data on all official still 
photographic negatives made which are classified SECRET or 
TOP SECRET shall be entered in a local negative log. This log 
shall be classified secret or top secret, depending on the 
information entered therein, and safeguarded in accordance 
with instructions contained in the security manual. 


LocaL NEGATIVE LoGc.—Complete data on all local still 
photography accomplished shall be entered in a local negative 
log. This log shall be classified coNFIDENTIAL or lower, ac- 
cording to the classification of data entered in the log. This 
log shall be used by any activity maintaining a local negative 


file. 

MOTION PICTURE LoG.—A motion picture log shall be main- 
tained by each activity making motion pictures. The form 
of this log shall be as shown in figure 19-3. This log shall be 


PROJECT DATE PHOTOG- SIZE & TYPE ° FOOT- DESCRIPTION OF SUBJECT | CLASSI- GEOG par hic AUTHORIZ«e 
SER. NO. TAKEN | RAPHER | (B& W-COLOR) AGE , FICATION | LOCATION TION 
' 





NA-4-MP-66 | 6/1/46 JBK | 35 mm. BEW | 200’ Ea arocntal Airship mooring - Conf. | Lakehurst, | Command: 
| 


| | 
| | 


| | 











Figure 19-3.—Motion picture log. 
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classified in accordance with the information contained 
therein, and safeguarded in accordance with existing security 
regulations. 


Photographer's Data Sheets 


All still photographic negatives and motion picture foot- 
age, both black-and-white and color, processed or unproc- 
essed, which are to be forwarded to the U. S. Naval Photo- 
graphic Center, will have enclosed with them a Photog- 
rapher’s Data Sheet, NavAer 1086. This form can be 
obtained from the nearest Bureau of Aeronautics publica- 
tions supply point, using NavAer 140, Publications and 
Forms Order Blank. 

The Photographer’s Data Sheet will be completely filled 
out, and will include the following data: 

. Subject of the photographs. 

Location. 

Ship or station forwarding the film. 

. Date shipped. 

. Name of the photographer. 

. Size of the negatives, or motion picture rolls. 

Total amount of film shipped. 

. Type of film (B & W, Color, Stills, 16mm, 35mm, etc.). 

. Type of camera used. 

. Serial number of camera. 

. Any general information which will help the Naval 
Photographic Center. 

Each negative, or movie scene, will be listed separately, 
with a complete desoription, including names and other in- 
formation of the subject matter. The date and time the 
photographs were taken will also be included. 


LABORATORY FILES 


All photographic laboratories are required to keep a cer- 
tain number of files. This is to insure that all negatives and 
prints are properly filed, captioned, and forwarded to the 
Naval Photographic Center at the proper time. It will also 
insure that all incoming correspondence is properly answered, 
and that copies of the outgoing correspondence are filed for 


p—) peek 
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future reference. A file will also be kept on all equipment 
and supplies. 


Equipment and Supplies 


An equipment and supplies inventory file shall be main- 
tained to show stock numbers, date and source of receipts, 
and all other pertinent information, including serial numbers 
of cameras, lenses, motors, etc., on the receipt and expendi- 
ture of equipment and material. The below listed cards are 
recommended for use in maintaining this file: 

1. NavSandA Form 766, Stock Record Card. 

2. NavSandA Form 769, Stock Record Card inserts. 

3. NavSandA Form 767, Stock Status and replenishment 
card. 

Kardex type file systems are recommended for containing 
the above card forms. 


Correspondence 


Copies of all official correspondence sent and received, and 
any other correspondence that will or may become the sub- 
ject of future reference or action, shall be filed as outlined in 
the U. S. Navy Filing Manual. All correspondence origi- 


nating within the photographic laboratory shall be prepared. 


in accordance with the U. S. Navy Correspondence Manual. 


INCOMING CORRESPONDENCE.—AIl incoming correspond- 
ence shall be logged and routed for dissemination as required 
for necessary action. It shall be logged and filed in folders 
under the heading of the originator. Whenever references 
are included, a notation shall be made at the bottom of the 
correspondence indicating the location of the reference item. 


OUTGOING CORRESPONDENCE.—AIl outgoing correspond- 
ence shall be written in rough form, double spaced, and for- 
warded to the person who has requested the correspondence 
to be written. The duplicate rough copy will be retained in 
the photographic laboratory file until receipt of a smooth 
file copy from personnel concerned. The laboratory rough 
copy is then discarded and the smooth file copy logged and 
inserted in the permanent file. 
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Personnel 


A personnel file shall be maintained to complete informa- 
tion required in the Photographic Report, NavAer 453. 
The personnel file shall contain an accurate record of all 
personnel assigned to the photographic laboratory, on a 
permanent or temporary additional duty (TAD) basis. 
The file will show rate or rank, date of rate or rank, special 
qualifications, date reported or received aboard, last duty 
station before reporting, number of months of sea or shore 
duty, date of transfer, authority for transfer, and the name 
of new duty station. 


The personnel file is a ready reference for information to 
determine who is eligible to advance in rate and seniority 
within a rate. It should be kept up to date at all times. A 
Kardex file system is the recommended type of personnel 
file system. 


Publications 


All photographic laboratories should have a complete 
file of all photographic publications. These publications | 
should be available to all personnel attached to the photo- 
graphic laboratory. With naval photography expanding at 
such great speed, and with new types of photographic mate- 
rial and equipment being placed on the market and being 
acquired by the Navy, it has become necessary that all 
Navy photographic personnel be thoroughly acquainted with 
the photographic publications and know how to use them. 
The publications listed below should be in every photo- 
graphic laboratory publication file. Photographic publica- 
tions can be obtained from the nearest Bureau of Aero- 
nautics publications supply point, as listed in the Naval 
Aeronautic Publications Index, Nav Aer 00-500. 

MaNuat oF NavaL PHotToGRAPHY.—This manual governs 
the administration of photographic laboratories and photo- 
graphic interpretation activities. It contains information 
concerning organization, policies, and instruction governing 
the use of photography in the naval service. It should be 
made available to all personnel concerned with matters of a 
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photographic nature. Distribution has been made to author- 
ized laboratories, and additional copies are available on 
request. The manual is published in looseleaf form to per- 
mit periodic revisions as they are required. Instructions 
contained in the manual and all subsequent revisions thereto 
have the same force and effect as orders issued by the Chief 
of Naval Operations. 

Puoto-Las-InpEx.—The Photo-Lab-Index, published by 
Morgan and Lester, is a standard NavAer publication, and 
all photographic laboratories have been issued at least one 
copy. The distribution of it is controlled by the Bureau of 
Aeronautics, and any additional copies ordered have to be 
routed through the Chief, Bureau of Aeronautics for approval. 
The ordering number of the manual is NavAer 10—-1-510. 

This volume contains a wealth of information pertaining 
to all phases of photography, and represents the primary 
source of reference material available to photographers in 
photographic laboratories. 

Quarterly supplements are issued to the holders of the 
Index, who are responsible for maintaining them. The 
Photo-Lab-Indez is an accountable item and must be reported 
on the Photographic Report, NavAer 453. 

Navy TRaIninc Courses.—The Bureau of Naval Person- 
nel has published training courses and photographic refer- 
ence material as part of the aviation training program for 
training naval personnel in photographic techniques and 
equipment usage. Every photographic laboratory should 
have at least one set of these volumes for training and refer- 
ence. Copies may be ordered for official use from the Bureau 
of Aeronautics, and individual copies for personal use may 
be ordered from the Superintendent of Documents, Wash- 
ington 25, D. C. 

TECHNICAL OrprERs.—Detailed descriptions and instruc- 
tions for operation and care of specific items of photographic 
equipment are issued as separate handbooks. Normally 
they contain instructions for installation, operation, and 
service of the particular item; and frequently they contain 
complete overhaul instructions and a parts catalog. At 
least one copy of a handbook is packed with each piece of 
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new equipment when it is first issued. It should be repacked 
with the equipment when it is transferred to another activity. 

New handbooks are automatically distributed to activities 
concerned as soon as they are published; and additional 
copies placed on file to be distributed as requested. Every 
unit should have a complete set of handbooks on file for each 
piece of equipment in the unit. A complete list of available 
Technical Orders with the latest revisions is published semi- 
annually by the Bureau of Aeronautics, under the number 
NavAer 00-500. 

TECHNICAL BuuLuLetTins.—Photography Technical Bulle- 
tins are published and distributed by the Bureau of Aero- 
nautics in order to disseminate timely information of a 
technical nature pertaining to naval photography. A special 
binder is provided so that the bulletins may be filed for 
immediate or future reference. The information contained 
in these bulletins is gathered from all sources available to 
the Bureau and includes information submitted by photo- 
graphic activities throughout the Naval Establishment. In 
this manner they provide a clearing house for information 
which is of interest to all naval photographic personnel. 

Every activity is urged to submit material concerning 
new or different techniques which have been developed 
locally and may be of interest to personnel in other activities. 
All material submitted should contain: 

1. A detailed description of the technique, modification, 

or idea. 

2. Complete instructions for fabrication, installation, 

and/or use of the suggested item. 

3. Photographs, diagrams, and drawings suitable for 

reproduction to illustrate the idea. 


Directives and Instructions 


Navy DeEparRTMENT INstRUCTIONS AND Notices.—Peri- 
odical Navy Department Instructions and Notices contain 
changes and directives concerning photography. It is ad- 
visable to read and place copies of this information on file 
for future reference. An instruction is of a permanent na- 
ture, and is kept on file until canceled or superseded by 
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another instruction. A notice is canceled when it has served 
its purpose. 

LETTERS AND DIRECTIVES.—Periodically, CNO, BudAer, 
BuSandA, and other offices send out letters and directives 
to all commands having an authorized photographic facility. 
Many of these are now in effect and a copy of each letter 
and directive should and will be retained in all photographic 
facility files. 

AVIATION SuppLty Orrice CatTaLoes.—All photographic 
equipment and supplies have been assigned stock numbers 
under the Federal Supply System. The Aviation Supply 
Office publishes the following catalogs covering all standard 
photographic items: 

1. Naval Stock List, Aviation Supply Office, Section 

6700A. 

2. Naval Stock List, Aviation Supply Office, Section 

6700B. 

3. Catalog of Naval Material, Aviation Supply Office, 

Section 6700C. 
4. Catalog of Naval Material, Aviation Supply Office, 
Section 6700D. 

Each section has its own separate price list, which is 
numbered the same as the section to which it is related. 

The above publications contain a list of all standard 
photographic equipment and supplies needed in carrying 
out the workload in naval photography. All photographic 
laboratories are required to have them on file. 


Negative Files 


All photographic laboratories are required to place on file 
all negatives produced by them. A negative of poor quality 
shall not be filed unless the subject matter warrants its 
retention or is such that it cannot be rephotographed. 

In order to identify the originating activity, each author- 
ized photographic laboratory is assigned a photo designator. 
For laboratories ashore, these designators are determined by 
the Chief of Naval Operations and are published in the 
current revision of OpNav Instruction 3150.2D (List of 
Authorized Photographic Laboratories). . Fleet laboratories 
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operated by aircraft squadrons use the squadron designator, 
1. e.. VU-7, VFP-61, etc. Ships use hull numbers, i. e., 
CVA-59, AGC-8, etc. These designators will be used on 
all still photography negatives and prints to identify the 
originating activity. These still photography negatives shall 
be marked with India ink in a clear border on the emulsion 
side, near the right-hand end. Each negative shall be 
marked with the designating letter of the ship, squadron, 
or station, followed by a serial number, a dash, number of 
the month, a dash, and the last two numbers of the year. 
Example: A negative made by the U. S. S. Bon Homme 
Richard, CVA-31, on 23 April 1957, with serial number 
5479, will be marked CVA (31)—5479-4-57. 

Negatives 5 by 7 inches and 8 by 10 inches shall be filed 
in 8 by 10 inch negative preservers. Negatives 4 by 5 inches 
or smaller shall be placed in 4 by 5 inch negative preservers, 
then inserted in 8 by 10 inch negative preservers. Individual 
aerial negatives shall be captioned and filed in the same 
manner as ground still negatives. 

NEGATIVE PRESERVERS.—Standard stock negative pre- 
servers shall be used to file all still photography negatives. 
The negative shall be inserted in the preservers with the 
emulsion side toward the front of the preserver. The pre- 
server shall be fully captioned, giving complete information 
as to the subject matter of the negative. 

GENERAL NEGATIVE FILE.—The general file of negatives 
shall contain still photography negatives classified coNnFt- 
DENTIAL or lower. Both ground and individual aerial (ex- 
cept aerial reconnaissance and mapping) still negatives shall 
be placed in this file. In the case of aerial mapping, a copy 
negative of the completed mosaic map shall be filed in the 
general negative file. The original negatives of both aerial 
reconnaissance and mapping, if retained, shall be properly 
marked and filed in rolls in metal cans. Negatives filed in 
the general negative file shall be filed in numerical order 
and safeguarded in accordance with existing security 
regulations. 

SECRET NEGATIVE AND PRINT FILE.—The secret negative 
and print file shall contain all still negatives, prints, and 
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enlargements classified SECRET or TOP SECRET. The nega- 
tives and prints shall be filed in numerical order, and they 
shall be kept in safes or vaults having locks of not less than 
three-way combinations, and shall be safeguarded in accord- 
ance with existing security regulations. 

LocaAL NEGATIVE FILE.—A local negative file shall be 
maintained by activities required to make frequent photo- 
graphs of damaged and defective material, charts, drawings, 
etc., which are of local interest only, and for which requests 
for reprints would normally originate only within the com- 
mand. Local negatives shall be marked with a local desig- 
nator (L) and a separate numbering system shall be used. 
Example: A U. 8S. S. Bon Homme Richard, CVA-31, local 
negative with serial No. 469, made in March 1956, shall be 
marked CVA(31)-—469(L)-3-56. Local negatives shall be 
logged, numbered, and filed in numerical order in a separate 
file from general file negatives. If the file contains classified 
material, it shall be safeguarded in accordance with existing 
security regulations. Negatives in a local negative file may 
be destroyed after a period of 5 years from the date the 
negatives were made, if the commanding officer is reasonably 
sure that reprints from such negatives will no longer be 
required. 


Print Files 


STILL PHOTOGRAPHY PRINT FILE.—Still photography con- 
tact print or enlargement files shall be maintained by each 
photographic laboratory in accordance with the following 
instructions: 

1. A file contact print or enlargement shall be made from 
each negative placed in the general negative file. 

2. File prints shall be mounted on standard photograph 
file cards (NavAer Form 452) and complete caption informa- 
tion shall be shown on each card. 

3. It shall be optional, at the discretion of each local com- 
mand, to mount either contact prints or enlargements from 
4 by 5 inch and smaller negatives. 

4. If the files contain classified material, it shall be safe- 
guarded in accordance with existing security regulations. 
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SYSTEM OF FILING PRINTS.—The still photography print 
file shall be divided into basic alphabetical subject sections, 
and the cards in each section shall be filed in numerical order 
within each alphabetical group. The alphabetical categories 
may be further subdivided as the needs of the individual 
activity require. 

An alphabetical ‘‘tie-in’’ system shall be used to facilitate 
the location of prints or enlargements in the files. This shall 
be accomplished by determining under what alphabetical 
group each photograph should be filed when the negative is 
entered in the negative log. The data concerning the subject 
is placed on the negative preserver. Example: A photograph 
of a steam engine would normally be filed under the subject 
of ‘“‘engines.”” Therefore, the negative preserver would be 
marked with an “E”’ and an “E”’ would be entered in the 
negative log under the “File code letter’? column. When 
the file print is mounted, an “E”’ is also placed on the file 
card. 

CROSS-INDEX CARD FILE.—Class A and B photographic 
laboratories shall maintain a cross-index file using 3 by 5 
inch cards. The use of such a cross-index card file by smaller 
laboratories is optional. 


REPORTS REQUIRED 


The Photographic Report 


In accordance with the instructions contained in the 
Manual of Naval Photography (OpNavInst 3150.6A), a photo- 
graphic report will be compiled and forwarded to the Bureau 
of Aeronautics at specified intervals. The time for submis- 
sion and procedures to follow are changed from time to time. 
Refer to the latest edition of BuAer Instruction 10700.3, 
which outlines procedures to be followed by activities sub- 
mitting this report. 

The Photographic Reports, NavAer 453 and 453A, are 
used to submit the above information. They are designed 
to contain all the photographic items which will serve as a 
source of information relative to personnel, photographic 
operations, and material distribution and utilization. This 
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information is used as a guide to future planning and procure- 
ment and it is only by proper submittal by all activities that 
these functions can be effectively served. 

Nav<Aer 453 is for the use of all activities having authorized 
photographic facilities including photographic squadrons. 
NavAer 453A is a simplified report for the use of NoNPHOTO- 
GRAPHIC AIRCRAFT SQUADRONS AND SUBMARINES having an 
allowance of photographic equipment for record and assess- 
ment purposes. 

The Photographic Report, NavAer 453, which can be ob- 
tained at the nearest aviation publications supply point, con- 
tains several different sections to be filled out completely. A 
list of the sections follows: 

1. Report of all accountable standard stock photographic 

equipment. 

2. Nonstandard photographic accountable equipment. 

3. Inventory of spare lenses which are not part of a camera 

unit. 

4. Standard and nonstandard items received under local 

procurement since last report. 
. A summary of photographic work performed. 
6. Request for disposition instructions for excess material 
and/or authority to expend or transfer. 
Disposition action taken on accountable equipment. 
. Photographic personnel report. 
9. Photographic facilities operating cost since last report. 
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Unsatisfactory Material Reports 


All photographic activities are required to submit AMP- 
FURS (Failure, Unsatisfactory, or Removal Reports) when 
there is any malfunction of a piece of photographic equip- 
ment. BuAer Instruction NavAer 00.58 outlines procedures 
to be followed in submission of this report. This report is 
designed to obtain the benefits of service experience from the 
most accurate sources and, by mechanized processing of the 
data, provides the necessary management information for an 
effective reliability program. From this system, the Bureau 
of Aeronautics and its contractors can perform both statistical 
and technical analyses of service experience in a rapid and 
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timely fashion, and take positive steps to insure more relia- 
ble equipment in service. 


The FUR form, NavAer 3069, is furnished as an eight-part 
carbon interleaved set for the majority of reporting applica- 
tions, and as a single-sheet form in pads of 100 to be used as 
work sheets or for reporting unsatisfactory conditions where 
turn-in of material is not required. 


Operating activities are required to use FUR’s to report 
failures or unsatisfactory conditions for all aeronautical 
materials. The NavAer 3069 form will be made out when- 
ever a part or piece of equipment has exhibited a malfunc- 
tion, has failed, or is removed from an aircraft assembly or 
system. (High usage items such as nuts, bolts, washers, 
and so forth do not require a FUR report.) 

As the format and the methods of filling out and sub- 
mitting form NavAer 3069 are changed from time to time, 
this information will not be included here. Refer to the 
latest instruction of the Bureau of Aeronautics for this 
information when it is needed. 


SECURITY AND CLASSIFICATION 


It is very important that each and every person who 
works in a photographic laboratory be familiar with the 
various security regulations and takes all necessary precau- 
tions concerning the classification and security of all 
materials. 

The Navy photographic laboratory handles much material 
which must be safeguarded in accordance with security 
regulations. Much of this material would be invaluable to 
an enemy or foreign government if they could gain access 
to it. As was once said, “A photograph tells a story of ten 
thousand words.” A photograph many times reveals 
-information which may need to be protected from all those 
not actually concerned with its knowledge. 


The responsibility of safeguarding classified materials 
may fall on any photographer at anv time. As an example 
of the importance of this job, it will be found that before a 
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man is assigned to this job his background and past are 
thoroughly investigated by the Office of Naval Intelligence. 

The classification and security of photography within the 
Naval Establishment shall be in accordance with chapter 
11 of U. S. Navy Security Manual, OpNaviInst 5510.1, plus 
other articles contained in the manual. It is also covered by 
U. S. Navy Regulations, and any Navy Department General 
Order which has been or may be issued pertaining to security. 

DEFINITION OF CLASSIFIED MATERIAL.—Any matter of such 
nature that special precautions should be taken to insure that 
information concerning it shall be permanently or temporarily 
limited in circulation shall be classified. 

TYPES OF CLASSIFYING.—There are three types of classified 
material. They are: 

1. Top Secret—Information and material (matter), the 
security of which is paramount, and the unauthorized dis- 
closure of which would cause exceptionally grave danger to 
the Nation. 

2. Secret—Information and material (matter), the unau- 
thorized disclosure of which would endanger national 
security, cause serious injury to the interests or prestige of 
the Nation, or would be of great advantage to a foreign 
nation. 

3. Confidential—-Information and material (matter), the 
unauthorized disclosure of which would be prejudicial to the 
interest or prestige of the Nation, or would cause unwarranted 
injury to an individual, or be of advantage to a foreign 
nation. 

The person who requests the photographic work to be 
accomplished is responsible for placing the proper classifica- 
tion on that work. It is the photographer’s responsibility 
to see that the proper classification is placed on the job order 
form, the negative preserver, the negative log, the prints 
delivered to the person who requested the job, and any 
other prints that might be made. 

HANDLING OF CLASSIFIED MATERIAL.—The handling of 
classified material shall be as follows: 

1. Top Secret—Handled only by persons specifically 
designated by the Top Secret Control Officer of each activity ; 
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and may not be disclosed to any person solely by virtue of 
rank or office. 

2. Secret and Confidential—Custody of this material 
may be delegated by the commanding officer or higher 
authority, to warrant officers, enlisted personnel, and 
civilian employees, if commissioned officers are not available; 
and may not be disclosed to any person solely by virtue of 
rank or office. 

STOWAGE OF CLASSIFIED MATERIAL.—The stowage of 
classified material shall be as follows: 

1. Top Secret—Only in a safe or vault with a three-way 
combination lock. 

2. Secret—Safe or vault with a three-way combination 
lock; fire resisting file cabinet with three-way combination 
lock; and locked in desk or file cabinet when a continuous 
naval watch or armed guard is posted. 

3. Confidential—Safe or vault with three-way combination 
lock; fire resisting cabinet with three-way combination 
lock; and locked in a desk or file cabinet when a continuous 
naval watch or armed guard is posted, or when a hourly 
patrol is maintained. 

The disposal of all classified material shall be by burning, 
in an authorized disposal area. It will be accomplished 
under the direct supervision of an officer cleared for the 
type of material being disposed. 


Release 


The release for publication ‘of naval photography is under 
the jurisdiction of the commanding officer of each activity 
or his authorized representative, such as a Public Information 
Officer. The prompt release for publication of such unclassi- 
fied photographs and motion pictures of interest to the public 
and beneficial to the Navy shall be considered mandatory. 
Doubtful cases, with recommendations thereof, shall be 
referred to the Secretary of the Navy (Chief of Information), 
or district Public Information Officer, as appropriate. 

Pictures taken outside naval jurisdiction do not require 
review by naval authority. It generally is not feasible to 
classify any photographs of naval subjects made from camera 
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points outside naval jurisdiction. There is no law which 
requires submission of such photographs for review. Co- 
operation with local civil authorities in this regard shall be 
sought, as informed persons will normally be reluctant to 
take photographs which tend to compromise national 
security. 

If a competent authority has assured himself, through 
supervision at the time of taking, that resulting photographs 
will not contain classified information, he may accomplish 
release without inspection of respective prints and negatives. 

Photographs of general naval life, such as ceremonies and 
athletic events, are not considered to be of @ classified nature 
and shall be released automatically. All classified photo- 
graphs shall be declassified prior to release. 

When an “Official Navy Photograph,” except of personnel, 
is released to an activity outside naval jurisdiction, it shall 
bear a written or stamped statement on the back, as shown 
in figure 19-4. 

When an “Official Navy Photograph” of personnel is 
released to an activity outside naval jurisdiction, a statement 
shall be written or stamped on the back, as shown in figure 

19-5. 


WATCH YOUR CREDIT 


No objection to reproducing or publish- 
ing this photograph provided this credit 
line 
OFFICIAL U. S. NAVY PHOTOGRAPH 


is used. 
This photograph may be used for com- 


mercial advertising if accompanying copy 
and layout are submitted, pricr to pub- 
lication to the— 


CHIEF OF INFORMATION 
NAVY DEPARTMENT 
WASHINGTON 25,D.C. 





Figure 19-4.—‘*Watch your credit’’ stamp. 
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RELEASED OFFICIAL NAVY 
PHOTOGRAPH 
If published, 


credit line must read 
“OFFICIAL U. S. NAVY 
PHOTOGRAPH” 





Figure 19-5.—"‘Released Official Navy Photography” stamp. 


LABORATORY PROCEDURE 


Captioning Negatives and Prints 


Referring back to the section on laboratory files, it was 
said that all negatives and prints will be numbered with a 
serial number and the designation letters of the ship, squad- 
ron, or station. In addition to this, proper titles are essen- 
tial to the effective operation of naval photographic labora- 
tories. Although it is a time consuming function, it is 
necessary in order to justify the time and materials expended 
in obtaining the original coverage. 

Captioning is very important, not only to give complete 
and accurate information to a person many miles away and 
unfamiliar with the local conditions, but also to the photo- 
graphic unit itself in the future. Human memory cannot 
keep track of such details over any period of time. In 
addition, captions are a vital permanent record—the best 
photograph may be useless if not completely identified. 

CAPTIONING OFFICIAL STILL NEGATIVES AND PRINTS.— 
Full and accurate captioning is one of the most important 
yet neglected phases in the handling of still photographs. 
The necessity of providing the most complete information 
available so that the greatest value can be obtained from the 
photograph cannot be overemphasized. 

Important information to be included in captions is as 
follows: 

1. Date—The date and time of the event should be as 
specific as possible. 

2. Location—The location of the photograph is essential. 

3. Details—What the picture shows should always be told 
fully and accurately. 
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4. Names—Where the identification of personnel appear- 
ing in the photographs will improve its value, identify indi- 
viduals shown from left to right with their rank, first name, 
middle initial, and last name. 

CAPTIONING MOTION PICTURE FILM.—Whenever possible, 
motion picture photography will be sLaTeEp as follows: 

1. Name of ship or station, date, name of cameraman, the 
subject, classification, and roll number (if there is more than 
one roll on the same subject). 

2. The slate shall be photographed on the first 5 feet of 
each roll, in the case of 35mm film, and on the first 3 feet, in 
the case of 16mm film. 

3. If it is not possible to record the slate before filming a 
scene, every effort shall be made to record it following the 
scene. 

TITLING AERIAL RECONNAISSANCE, MAPPING AND CHARTING 
PHOTOGRAPHY.—A standarized procedure for titling aerial 
negatives made by the Military Forces of the United States 
and her Allies has been adopted. This procedure is outlined 
in paragraph 0711, chapter 7, Manual of Naval Photography 
(OpNavInst 3150.6A). As the procedure is quite lengthy, 
refer to the manual when the need for it arises. 

CAPTIONING RADARSCOPE PHOTOGRAPHY.—The manner of 
captioning radarscope film and the information accompany- 
ing the film shall conform as closely as possible to that set 
forth in the above mentioned procedure for aerial pho- 
tography. 

1. Sortie or mission numbers shall be assigned by the 
command directing the mission. 

2. Exposure numbers shall be placed in the lower night- 
hand corner of each frame of exposure if not accomplished 
automatically by the camera. 

For further information on captioning radarscope film, 
refer to paragraph 0711 of the Manual of Naval Photography. 


Watch, Quarter, and Station Bill 


All photographic laboratories will keep an up-to-date 
Watch, Quarter, and Station Bill. All personnel attached to 
the unit will be listed, including temporary additional duty 
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personnel, by name, rate or rank, and service number. In 
addition the following information will be listed: 


1. 


Se ee 


Duty section. 

Working station. 

Cleaning station. 

Berthing assignment. 

Fire station. 

Emergency stations (on board ship): 


Abandon ship. 

General quarters. 

Man overboard. 

Flight quarter station (on an aircraft carrier). 


QUIZ 


1. The system established for maintaining proper records in a photo- 
graphic laboratory is set forth in 


a. the Navy Filing Manual 


b. 
c. 
d. 


U. 8. Navy Regulations 
the Manual of Naval Photography 
the Manual of Records and Reports 


2. Information entered in the work performed page of the Photo- 
graphic Report is obtained from 


a. 
b. 


Cc. 


d. 


filed job orders 

a work performed chart maintained by the leading chief 
records maintained by the petty officer in charge of produc- 
tion 

the photographic officer’s monthly reports 


3. A person picking up a finished job from a photo lab is required to 
sign the 


Wo» aw 


. job order 

. job order log 

. work received log 

. photo lab daily diary 
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. A ready reference to work in progress within the photo lab may 


be found in the 
a. job order log 
b. work performed chart maintained by the leading chief 
c. records maintained by the petty officer in charge of produc- 
tioh 
d. photo lab daily diary 


. Each photographic laboratory shall maintain a general negative 


log, and it shall be classified 

a. secret 

b. top secret 

c. confidential or lower 

d. confidential 
All still photographic negatives and motion picture footage for- 
warded to the U. S. Naval Photographic Center shall have en- 
closed with them 

a. the original of the letter of transmittal 

b. a good quality contact print 

c. a Photographer’s Data Sheet, NavAer 1086 

d. a copy of the job order 


. Copies of all correspondence sent and received shall be filed as 


outlined in the 
a. U.S. Navy Filing Manual 
b. U. S. Navy Correspondence Manual 
ce. Manual of Naval Photography 
d. Photographic Officer’s Notices and Instructions 


. A personnel file shall be maintained to complete information re- 


quired in the 
a. photo lab daily diary 
b. photographic officer’s monthly report 
c. personnel office 
d. Photographic Report, NavAer 453 


. Information concerning organization, policies, and instructions 


governing the use of photography in the naval service may be 
found in 
a. U.S. Navy Regulations 
b. the Photo-Lab-Indez 
c. Technical Bulletins distributed by the Bureau of Aeronautics 
d. the Manual of Naval Photography 


Timely information of a technical nature which is of interest to all 
naval photographic personnel can be found in 
a. U.S. Navy Regulations 
b. the Photo-Lab-Indez 
ce. Technical Bulletins distributed by the Bureau of Aeronautics 
d. the Manual of Naval Photography 
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11. 


12. 


13. 


14. 


15. 


16. 


Individual aerial negatives shall be captioned and filed in 


a. a separate aerial file 

b. the same manner as ground still negatives 
c. rolls in metal cans 

d. the general negative file 


The original negatives of both aerial reconnaissance and mapping, 
if retained, shall be properly marked and filed in 


a. a separate aerial file 

b. the same manner as ground still negatives 
c. rolls in metal cans 

d. the general negative file 


A file contact print or enlargement shall be made from each negative 


a. made in the photo lab 

b. made on official jobs 

c. placed in the local negative file 
d. placed in the general negative file 


Future planning and procurement of naval photography is guided 
by information obtained from 


a. the Photo-Lab-Indez 

b. the Photo Lab Daily Diary 

c. Photographic Reports, NavAer 453 
d. job order logs 


The classification and security of photography within the Naval 
Establishment shall be in accordance with 


a. U. S. Navy Regulations 

b. Navy Department General Orders 

c. Chapter 11, U. S. Navy Security Manual 
d. all of the above 


When doubt exists as to whether photographs can be released 
without compromising security, they should be referred to the 
a. Chief of Naval Operations (Head of Naval Photography) 
b. Secretary of the Navy (Chief of Information) 
c. Bureau of Aeronautics (Director of the Photographic Divi- 
sion) 
d. Office of Naval Intelligence 
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APPENDIX | 
ANSWERS TO QUIZZES 


CHAPTER 1 
INTRODUCTION TO NAVAL PHOTOGRAPHY 

l. c 4. b 7. a. 
2. d 5. d 8. b. 
3. a 6. c 9. b. 

CHAPTER 2 

INTRODUCTION TO LIGHT 

1. b. 8. ¢. 15. d. 
2. d. 9. ¢. 16. d. 
3. a. 10. a. 17. a. 
4. ¢. 11. b. 18. b. 
5. ¢. 12. <d; 19. ¢. 
6. d. 13. b. 
fae 14. d. 

CHAPTER 3 

THEORY OF LENSES 

1. b. 9. e. 17. d 
2. a. 10. b 18. a 
3. d. 11. d. 19. ¢ 
4. ¢. 12. d. 20. b 
5. d. 13. d. 21. ¢ 
6. ¢. 14. a. 22. ¢ 
te & 15. ¢. 23. b 
8. a. 16. b. 24. a 
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CHAPTER 4 
USE AND CARE OF LENSES 


7. b. 13. 
8. d. 14. 
9. a. 15. 
10. d. 16. 
11. d. 

12. a. 

CHAPTER 5 


NEGATIVE MATERIALS 


7. d. 13. 
8. d. 14. 
9. a. 15. 
10. d. 16. 
11. ¢. 17. 
12. a. 18. 
CHAPTER 6 
CHEMICAL MIXING 

7. a. 13. 
8. b. 14. 
9b 15. 
10. b. 16. 
11. ¢. 17. 
12. c. 
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CHAPTER 7 
PROCESSING NEGATIVES 


1. b. 10. a. 19. a. 
2. d. 11. c. 20. c. 
3. d. 12. b. 21. b. 
4. a. 13. a. 22. d. 
5. b. 14. b. 23. a. 
6. ¢. 15. c. 24. ¢. 
7. d. 16. b. 25. a. 
8. b. 17. d. 26. a. 
9. b. 18. c. 27. b. 
CHAPTER 8 
POSITIVE MATERIALS 
1. b 6. b. 11. a. 
2. ¢ 7. d. 12. c. 
3. d 8. d. 13. b. 
4.¢ 9. ¢c. 14. a. 
5. a 10. b. 15. d. 
CHAPTER 9 
CONTACT AND PROJECTION PRINTING 

l. c 8. b. £5.26 
2. da 9. d. 16. ec. 
3. d 10. d. 17. b. 
4. b 11. d. 18. ¢. 
5. a 12. a. 19. c. 
6. d 13. a. 20. a. 
7. a 14. b. 
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CHAPTER 10 
EXPOSURE CONTROL AND EXPOSURE METERS 


Te. 8. d. 15. d. 
2. a. 9. a. 16. b. 
3. a. 10. c. 17. b. 
4. a. 11. b. 18. a. 
5. d. 12. ¢. 19. ¢. 
6. b. 13. b. 20. b. 
7. d. 14. c. 
CHAPTER 11 
THE PRESS CAMERA 

1. c. 11. b. 21. d. 
2. b. 12. d. 22. c. 
3. b. 13. ¢. 23. b. 
4. a. 14. d. 24. b. 
5. ¢. 15. a. 25. &. 
6. d. 16. d. 26. c¢. 
7. a. 17. b. 27. a. 
8. a. 18. c. 28. d. 
9. b. 19. d. 

10. a. 20. a. 

CHAPTER 12 
FILTERS 

l.d 8. b. 15. a. 
2.¢ 9. d. 16. b. 
3. b 10. a. 17. d. 
4. a 11. d. 18. d. 
5. d 12. b. 19. f. 
6. c 13. a. 20. d. 
7. ¢ 14. e. 
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CHAPTER 13 
THE VIEW CAMERA 


a. 5. a. 9. 
d. 6. ¢. 10. 
d. 7. a. 
a. 8. d. 

CHAPTER 14 


ILLUSTRATIVE PHOTOGRAPHY 


Cc 7. ¢ 
b 8. d 14. 
Cc 9. a 15. 
b 10. d 16. 
a ll. d 17. 
a 12. a 18. 
CHAPTER 15 
COPYING 
d. 7. b. 13. 
b. 8. a. 14. 
a. 9. d. 15. 
Cc. 10. b. 16. 
d. 11. a. 17. 
b. 12. a. 18. 
CHAPTER 16 
PERSONNEL PHOTOGRAPHY 
Cc (ems 13. 
b. 8. d. 14. 
a. 9. b. 15. 
d. 10. a. 16. 
a. 11. d. 17. 
b. 12. b. 
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a ee aa ae 


ee i a 


CHAPTER 17 
MOTION PICTURE ORIENTATION 


1. d. 11. ¢. 21. a. 
2. a. 12. c. 22. a. 
3. d. 13. ¢. 23. c¢. 
4. b. 14. b. 24. b. 
5. Ci 15. b. 25. b. 
6. b. 16. c. 26. ¢. 
7. b. 17. b. 27. b. 
8. a. 18. c. 28. c. 
9. b. 19. b. 29. d. 
10. b. 20. b. 
CHAPTER 18 
INTRODUCTION TO AERIAL PHOTOGRAPHY 

l.c 8. b. 15. b. 
2. b 9. d. 16. a. 
3. d 10. a. 17. d. 
4.b 11. d. 18. a. 
5. d 12. d. 19. b. 
6. ¢ 13. d. 

7. Cc 14. ¢. 

CHAPTER 19 
ADMINISTRATION 

1. c¢. 7. a. 13. d. 
2. a. 8. d. 14. ¢. 
3. a. 9. d. 15. d. 
4. a. 10. ¢. 16. b. 
5. d. 11. b. 

6. ¢. 12. ¢. 
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APPENDIX Il 


QUALIFICATIONS FOR ADVANCEMENT IN 
RATING 


PHOTOGRAPHER'S MATES (PH) 


RATING CODE NO. 7600 
(Through Change 10) 


General Service Rating 


Scope 


Photographer’s Mates accomplish photographic work required by the 
naval service; record actual or simulated battle operations; make 
pictorial records of historical and newsworthy events aboard ship and 
at shore stations; operate and maintain various types of motion 
picture and still cameras; test-operate, install, and service aerial 
cameras; perform copying, developing, printing, and finishing opera- 
tions. Personnel qualified for flight duties and designated aerial 
photographer, NJC Code Group PH-8100 to PH-8109, operate aerial 
reconnaissance and mapping cameras. 


Emergency Service Ratings 


PHOTOGRAPHER’S Mates G (Cameramen), Rating Code No. 
WOON es Se ere BO Ch teed ee ia ee ee he PHG 
Operate and maintain standard Navy types of ground still 
and motion picture cameras to obtain indoor or outdoor 
photographic coverage; employ photographic techniques 
necessary for proper composition and lighting of subjects. 

PHOTOGRAPHER’S Mates R (Camera Repairmen), Rating 
Code-NG:. 7602. 435. J.tcete ete he eee tie Loe Meas ess PHR 
Maintain, repair, and overhaul service-type cameras; use 
machine tools, circuit testers, and shutter test equipment 
required in repair and overhaul of cameras. 

PHOTOGRAPHER'S Mates L (Laboratory Technicians), Rating 
Cod@uN 0} 7603 23 's222. 5h oc nese Si eee eee te PHL 
Prepare solutions and process still and motion picture nega- 
tives and prints; use light-sensitive materials and employ 
knowledge of the chemistry of photographic materials. 
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PHOTOGRAPHER'S Mates M (Microfilm), Rating Code No. 
MOOR ho ites ok Sea eek ee ek toa aa eee PHM 
Perform microfilm photographic functions; operate and 
maintain microfilm cameras and viewing, developing, and 
printing equipment. 

PHOTOGRAPHER’S MartEs A (Aerial Cameramen), Rating Code 
INO} 1 O00 sues ae ee ee oe oa er PHA 
Install, operate, and maintain standard types of cameras 
and accessories, including cameras used in aerial reconnais- 
sance and mapping photography; process film and make and 
assemble prints into uncontrolled mosaic maps. 


Navy Job Classifications and Codes 


For specific Navy job classifications included within this rating 
and the applicable job codes, see Manual of Enlisted Navy Job 
Classifications, NavPers 15105 (Revised), codes PH-8100 to PH- 
8199, PH-3900 to PH-3999. 
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Qualifications for Advancement in Rating 


Applicable Rates 


Qualifications for Advancement in Rating 





PH | PHG | PHR | PHL | PHM PHA 


—— Oe eee fl | | — | | —_ 


100 PRACTICAL FACTORS 
101 OPERATIONAL 
1. Operate and make operating 
adjustments to produce prop- 
erly exposed and focused nega- 
tives with: 
a. Hand and view cameras 
and accessories, using 
black-and-white film for 
news, construction prog- 
ress, damage and repair, 
and group photography~____| 3 (Cee eee | ee 3 
b. Copying cameras and acces- 
sories for graphic art, repro- 
ductions of blueprints, 
photographs, drawings, 
charts, and maps_.--------- 3 Beet 48 aa eet 
ec. Microfilm recording cam- 
eras for clear black-and- 
white reproductions of rec- 
ords, reports, manuals, and 
file: material joc. ce we ee theese el lee lee a eee 
d. Color film in hand and view 
cameras._._-_-_---_------ 2 2 Week all eee haps. 3 2 
e. Semiprofessional motion 
picture cameras and acces- 


SOTICS 226.45 site ws eae oe 2 7 a OND ean | ae 2 
f. Professional motion picture 
cameras and accessories____| l sl eee Gatetcenn, Comemcae 1 


2. Operate, and make operating 

adjustments to, contact and 

projection printers, properly 

controlling exposure to pro- 

duce photographie prints_ _ —-_- 3 S iecel! “3 3 3 
3. Weigh, mix, and prepare de- 

veloping and fixing solutions, 

following prescribed formulas__! 3 3 /1.---| 3 3 3 
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Qualifications for Advancement in Rating 


101 OpreRatTionaL—Continued 
4. Develop exposed black-and- 
white and infrared negatives 
and prints, insuring proper 


5. (Applicable only to personnel 
designated by NJC group code 
PH-8100—PH-8109.) Serve 
as flight crew member, using 
interphone communication 
system, safety equipment, and 
other common aircraft equip- 


7. Assemble and print processed 
film into uncontrolled mosaic 


8. Determine acceptable print 
and negative material, and 
make and assemble lantern 
slides for projection.___.--_-_- 

9. (Applicable only to personnel 
designated by NJC group code 
PH-8100—PH-8109.) Oper- 
ate and make operating ad- 
justments to produce properly 
exposed and focused negatives 
with: 

a. Standard oblique spotting 
aerial cameras, using black- 
and-white film___________- 

b. Standard vertical mapping 
and spotting cameras, using 
black-and-white, color, and 
infrared film__.__________- 

c. Motion picture cameras for 
aerial photography, aerial 
cameras for reconnaissance 
and mapping, and acces- 
sories, using black-and- 
white, infrared, and color 





pi ae ae Se en 
Applicable Rates 


Qualifications for Advancement in Rating 


a i a ee 


101 


OPERATION AL— Continued 
10. Operate and make operating 


11. 


adjustment to Houston-type 
machines to develop motion 


picture and microfilm_________ 


Select proper camera and 
lenses, arrange lighting, pose 
subjects, and control sharp- 
ness and perspective to pro- 


duce portrait photographs_____ 


102 MAINTENANCE AND/OR REPAIR 


1. 


Test, adjust, and perform pre- 
ventive maintenance on: 


a. Laboratory equipment_--___ 


b. View, copying, and hand 
c. Microfilm recording cam- 


d. Semiprofessional motion 


picture cameras. _________- 


e. Professional motion picture 


cameras.._____.-.-_-______ 
. Locate and identify major 


component parts of: 


a. Laboratory equipment-_-_- 


b. Ground cameras and asso- 


ciated equipment__-_-__.___- 


c. Aerial cameras and associ- 


ated equipment___________ 
. Replace worn or damaged 


minor noncritical camera parts 
such as screws, washers, and 
knobs; repair light leaks in 


bellows____________________. 
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Qualifications for Advancement in Rating 


102 MaINTENANCE AND/OR REPAIR— 
Continued 


4, 


~] 


Determine malfunctions, re- 
pair and replace defective 
parts, disassemble and reas- 
semble components, test elec- 
trical units, and test-operate 
to insure proper functioning 
of: 

a. View, copying, and hand 


Applicable Rates 


PH | PHG | PHR | PHL | PHM | PHA 


Se ee eee —q“—~ \—“qx | uc |—— _ | —_—_— 


cameras and accessories____|___]___._ 


b. Standard aerial cameras for 
vertical mapping and ob- 
lique spotting and aces- 


ST Ue es eth phe of cand ee Se nt eM ee 


d. Motion picture cameras 


WRG ACCERSOLIOCS: soo tke DLS oh SS 


e. Aerial cameras for recon- 
naissance, Mapping, and 


RECOSBOTION. —- 2. cesece<cecele calico. 


Test laboratory equipment 
such as printers, enlargers, and 
lighting equipment to ascer- 
tain malfunctions; repair or 
replace worn or damaged me- 
chanical and electrical parts; 
test for proper operations_ --~_~_ 
Use hand tools and operate 
circuit and shutter-test equip- 
VP Gatcer, Sys oie atts bests 
Interchange camera lens cones 
Ob Herial: CAMETaS.<2ss25cue5e= 
Inspect, prepare, install, and 
service aerial and gun cam- 
eras in aircraft. (Except bore- 


Hil y20 6) 3) ee oP = 


Adjust synchronizers, viewing 
machines, moviolas, projectors, 
and other mechanical equip- 
ment relevant to motion pic- 
tures 
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Applicable Rates 


PH | PHG | PHR | PHL | PHM | PHA 
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Qualifications for Advancement in Rating 


102 MAINTENANCE AND/OR REPAIR— 
Continued 
10. Perform preventive mainte- 
nance, such as cleaning and 
lubricating, and test-operate 
for proper functioning of: 
a. Standard aerial cameras for 
vertical mapping and ob- 
lique spotting---__-------- Pe Nletetely Sail ects ce Mae Le 
b. Aerial cameras for recon- 
naissance and mapping _--| 2 |----| 3 |----|---- 
ec. Motion picture cameras for 
aerial photography______--| 1 |----]| 1 j----|---- 
103 ADMINISTRATIVE AND/OR CLERICAL 
1. Keep complete records and 
reports of photographic activi- 
ties, including incoming and 
outgoing work, and prepare 
TEDOM(S: Jarra tae Oe ee 3 3 3 
2. Use regulation procedures for 
stowage and issue of photo- 
graphic supplies and equip- 


wo 


to 


—" 


wo 
Ww 
W 


3. Mark, label, and ship com- 

pleted film and prints to re- 

questing activities___...___-_- 3 a eee 
4. Maintain negative and posi- 

tive print files, observing se- 

curity provisions applicabie to 

photography, and maintain 

technical publications and 


Ww 
we) 
Ww 


folder files. ___.___..__--_._. 3 SB eston|" Odea 3 
5. Demonstrate to and instruct 

personnel in performance of 

simple operational duties_____ - 2 2 2 2 2 2 
6. Keep unit logs._..._._..----.- 2 2 2 2 2 2 
7. Number and catalog negative 

and positive prints for filing___| 2 Beats cel ate 2 
8. Make out stub requisitions for 

material and eauipment_ __ _-- 1 1 1 1 1 1 
9. Establish negative and positive 

print files and insure security__! 1 Ezecel A iewes 1 
451961 O—58 55 839 





103 


200 
201 


Applicable Rates 
Qualifications for Advancement in Rating 





ADMINISTRATIVE AND/OR CLERI- 
caL—Continued 

10. Supervise and instruct person- 

nel in duties and in maintain- 

ing security of classified mate- 

9 |: | Pee eRe nee ate eee BB het. Ss 1 Pe cel Sh 1 1 
11. Compile and prepare periodic 

reports and correspondence of 

photographic operations and 


equipment. _____...__----_-- Cic;c;}c;c;c 
12. Direct keeping of records and 
preparation of reports___-____- C;c;c;c;c;c 
13. Control orders, issues, and use 
of supplies. _._----.------__- C;c;c;c;ci{tec 
14. Organize and administer a 
photographic unit__._______- ci;c;}c;c;c;c 
15. Supervise operational and pre- 
ventive maintenance on: 
a. Ground cameras and asso- 
ciated equipment_-_-_._---_- Ot is Oe ame © ae; [eee eee rome 
b. Aerial cameras and associ- 
ated equipment. ________-_- CAlie een Cr jlecestO 
c. Laboratory equipment_---- 03 Mies Game ener ae, si (aetneres erseee 


16. Determine type of cameras and 

associated equipment neces- 

sary to accomplish specific ae- 

rial photographic missions; de- 

termine details such as scale to 

be used and coverage factors__| C |____|----|/----|---- C 
17. Organize aerial photographic 

missions, including prepara- 

tion of flight maps, for photo- 

graphic mapping and recon- 

naissance missions_-_-__.__-_-- _ 0:5 Ren reece! (Enea |e C 
18. Supervise and instruct person- 

nel in repair of all cameras, 

laboratory equipment, and as- 

sociated equipment_______..--]---]---- C. [e2scleeel aoe 
EXAMINATION SUBJECTS 
OPERATIONAL 

1. Common photographic lenses 
and their characteristics; types, 
use, and effect of filters_______ 3; 3] 3]{] 3]{| 3 3 





Qualifications for Advancement in Rating 


PH | PHG | PHR | PHL | PHM | PHA 


eee ee eed 


201 OPpEeRATIONAL— Continued 
2. Basic procedures and prepara- 
tion of solutions used in devel- 
oping, washing, fixing, and 


drying films and prints______-| 3 3 3 3 3 3 
3. Basic procedures of contact 
and projection printing. - -- -_ -- 3; 3 3 3 3 3 


4. Types, characteristics, and 
uses of film and printing pa- 


5. Types, characteristics, and 

uses of developing, fixing, rins- 

ing, and washing solutions. 

Effect of impurities, tempera- 

ture changes, and improper 

stowage of chemicals and film _| 3 Sheweel wo 3 3 
6. Nomenclature and functions 

of ground camera accessories 

and flash equipment____.----- BS) 8 Wee eels 3 
7. Basic procedures of taking in- 

door and outdoor pictures, in- 

cluding use of artificial lighting_| 3 | 3 |----|----]---- 3 
8. Basic procedures of aerial re- 

connaissance photography and 

Mapping, including oblique 

photography, single strip re- 

connaissance, and night aerial 

pnotography -2.20i23 ce saws dl cS es euleulclecee ae 3 
9. Nomenclature, functions, types 

and capabilities of: 


a. Hand and view cameras._-_-_| 3 3 2 a Genes ere 3 
b. Copying camera and acces- 

SOPICSs ob hee Sie Bad 3 3 3 3 ‘2 pee 
c. Microfilm recording cam- 

CRASS cif sta Pe eaten ois tell oo 1S) Nveetal,' asl Ruaead 


d. Semiprofessional motion 
picture cameras and acces- 

¢ SOMECSs 45 Jed tun done eas -| 2 2 ye Aen (recres 2 
10. Nomenclature and function of 
automatic motion picture and 
microfilm developing machines, 
including Houston-type ma- 


Qualifications for Advancement in Rating 





201 OprrRATIONAL—Continued 
11. Basie principles of motion pic- 
ture printing machine proc- 


12. Operating principles of motion 
picture photography_________- 
13. Laboratory procedures of con- 
trolling quality of prints_____- 
14. Basic methods of processing 
COOP IMIS = 0 155 Mites ex 
15. Techniques of camera angle, 
lighting, and subject arrange- 


16. Procedures for assembling ae- 
rial photographie prints into 
uncontrolled mosaic map_-___-- 

17. Basic procedures of selecting 
materials, making and assem- 
bling lantern slides__________ Z 

18. Principle and use of illuminat- 
ing equipment for night aerial 
DNOLORTABNY 4.22 seu sdece ce 

19. Nomenclature and functions 
of high intensity ares, synchro- 
nizers, moviolas, projectors, 
and viewing machines. .......|-- 

20. Nomenclature, functions, and 
capabilities of: 

a. Standard vertical mapping, 
oblique spotting, and gun 
cameras and accessories -_ _-- 

b. Reconnaissance and map- 
ping cameras and = acces- 
RO ce aS Se eos eee o ays 

c. Professional motion picture 
cameras and accessories _—-_- 

21. Application of printing and de- 
veloping correction procedures 
for detail rendering, sharp- 
ness, and contrast in negatives 








and prints 
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Qualifications for Advancement in Rating 


202 MAINTENANCE AND/OR REPAIR 


1. 


2. 


. Location of mechanical 


. Mechanical 


Basic construction of ground 
cameras.________.------------ 
Cleaning, preventive mainte- 
nance, and routine testing of: 
a. Laboratory equipment_____- 
b. View, copying, hand, and 
motion picture cameras and 
accessory equipment__-____.- 
c. Standard cameras for verti- 
cal mapping and _ oblique 
BPOUiING.< <4 2 sewn ces 
d. Microfilm recording cameras- 
e. Aerial cameras for recon- 
naissance and mapping.----- 
and 
electrical failures in cameras 
and accessory equipment, and 
procedures for correction on: 
a. View, copying, and hand 


Cameras________-____----_-]_-_]____ 3 


b. Standard cameras for verti- 
cal mapping and_ oblique 


SpOUlliGauccoe sates he cect 2 


ec. Aerial cameras for recon- 


naissance and mMapping_-_-_-_--|_--_]---- 2 
d. Microfilm recording cameras._|___|____| 2 


e. Laboratory projectors and 


PLING ese woe Gee ee dll es 2 3 2 


f. Semiprofessional motion pic- 


ture cameras_______________]__. 1 2 


g. Professional motion picture 


cameras_____________---.--|__. 
. Basic 


construction of aerial 
COMOCLAS oid ed ee 
characteristics of 
component camera parts, pro- 
cedures for their replacement, 
and special precautions to be 
observed in camera repairs_ ---- 
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Applicable Rates 





PH | PHG | PHR | PHL | PHM 


ee (epeenee a 


ee ee ee 


Applicable Rates 


Qualifications for Advancement in Rating 





PH | PHG | PHR | PHL 


i a 


202 MAINTENANCE AND/OR REPAIR— 
Continued 
6. Definition of applicable elec- 
trical terms, and common 
sources of electrical energy used 
with ground and aerial cameras 


and equipment..-...-.=.-~-<--- eS icseel! Bitieecbasae 


7. Application of electrical theory 
in correction of failures of cam- 


eri electrical equipment... occ2cli-c cece) Bileescleece 


8. Correction of minor equipment 
failures on: 
a. Ground cameras and acces- 


LS) 


_— 


AGNON. S20 boos ae See asc ase 2 2 2 eee yee sae f 


b. Aerial reconnaissance and 
mapping cameras and ac- 


GRMN eo ee ha pS Eg | eS” 


ec. Laboratory equipment_-—--—-_- 2 Zilzccct 2 
d. Motion picture cameras and 


-———-—|- += 


MEGBSROTIOSY - we Vitae oes one 1 2 l 45232). 4-2 


203 ADMINISTRATIVE AND/OR CLERICAL 
1. Records kept and reports re- 
quired of a photographic activ- 

ity. Navy filing system as it 

applies to negatives and prints. 
Security provisions applicable 


iG DHOTOPFADAV oe 2505 oes oe ee 3 3 3 3 
2. General content and use of 

technical bulletins, publica- 

tions, and catalogs pertaining 

to, photography... -2..-.-+<—s.< 3 3 3 3 


3. Methods of marking, labeling, 

and shipping completed film 

and prints to requesting activ- 

OHS. oe Oe oe a er Kae 2 2 2 2 
4, Function and organization of 

photographie activities ashore 

Hist MORE =. 28 2S fee em eke ae 2 ih ee ee 
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Applicable Rates 
Qualifications for Advancement in Rating 


PH | PH@ | PHR | PHL | PHM | PHA 


ES 
—— ——w | eo | en | Se [| | 


203 ADMINISTRATIVE AND/OR’ CLERI- 

caL—Continued 
5. Basic supply procedures per- 

taining to procurement, use of 

titles, and custody of photo- 

graphic material. Proper stow- 

age of material_____-__-.-_---- 2 1 1 1 1 1 
6. General operations involved in 

selection of equipment, scale, 

and coverage factors for aerial 

photographic missions - -------- j I evens, (eer perce eer Oe 1 
7. Planning and laying out a 

typical photographic unit, in- 

cluding personnel requirements, 

type and quantity of materials 

and equipment necessary, and 

arrangement of space for equip- 

ment and function. ____-_-_--- Ci c;}c;c;]ci}c 
8. Organization of naval photog- 

raphy and its relation to other 

ACIVILICS so. oe cee ee ewes Cc; c;}c;]c!}] cy Cc 
9. Principles, construction, and 

use of navigation and ordnance 

charts as applicable to photo- 

graphic missions and operations_| C |_.__|_.--|----|---- C 
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INDEX 


&@x berrations, 99 
astigmatism, 104 
chromatic, 100 
coma, 103 
curvature of field, 105 
distortion, 106 
flare, 108 
spherical, 100 

Absorption, 51, 553-556 

Accelerators, 254-255 
borax, 254 
sodium carbonate, 255 
sodium metaborate, 255 

Action: 
intermittent, 710 
matching, 749 

Adapter, film pack, 482-485 

Administration, 803 

Advancement: 
preparation for, 25 
requirements, 24-25 
study references 25-27 

Aerial cameras, 781—782 

Aerosol OT, 268 

Agents: 
reducing, 248, 249-253 
wetting, 268 

Agitation: 
in negative processing, 273-274 
print, 361 

Alkalis, 254-255 

Angle of field, 96 

Angle of view, 96, 121 

Angstrom, 34-35 

Antihalation backing, 187 . 

Aperture, 95-96 
critical, 155-156 
effective, 95 
maximum effective, 134 
relative, 135 


847 


Arc, carbon, 42 

Assessment, damage, photos of 
615 

Aviation Supply Office Catalogs, 
812 


Axis, optical, 82 


) 


Backing, antihalation: 
gray base films, 187 
reflex halation, 187 


Bases, film: 

cellulose derivatives, 182-186 
cellulose acetate, 184-186 
cellulose nitrate, 184 

coatings: 
noncurl coating, 186 
overcoating, 186 

glass plates, 182 

motion picture, 735 


Bath, fixing, 258-263 
antisludge agent, 261 
double fixing baths, 262 
fixer, 259 
hardener, 260-261 
neutralizer, 260 
preservative, 259-260 
rate of fixation, 261 
Beams, light, 37 
Bell and Howell Autoload Cam- 
era, 718-724 
Bill, Watch, Quarter, and Station, 
822-823 
Bulletins, Technical, 811 


Calculator, film development, 175- 
179 
assembly of, 278 
use of 278-279 


Cameras: 

aerial, 781-782 

basic, 9-10 

Bell and Howell Autoload: 
accessories, 720-722 
description, 718-720 
maintenance, 722-723 
test operation, 722—723 

box, 12 | 

copy: 
adjustments, 638 
bellows, 636 
camera alinement, 638 
care of, 638-639 
construction, 636-637 
copy board (easel), 638 
ground glass, 636 
lens, 637 
shutter, 637-638 

Eastman Magazine 

dak: 

description, 725—729 
maintenance, 734-735 
test operation, 729-734 


Graphic View (4 x 5), 591-610 
motion picture: 
autoloads, 717-735 
basic, 709-711 
Navy, 5 
pinhole, 10-12 
press, 465-542 
_ Speed Graphic, 466-542 
view, 591, 616 
Camera correction, 
Graphic, 493-506 
Captioning, print, 389-390 
Carbon arc, 42 
Catalogs, ASO, 812 
Center, optical, 83 
Centigrade, 228 
Characteristics, film, variable, 188 
Chemical forms, 216 
Chemical mixing, safety precau- 
tions in, 242-244 
Classification and security, 818- 
819 


Cine-Ko- 


Pacemaker 


Closeups: 
interiors, 623-625 
motion picture, 747 
Colors: 
primary, 40 
secondary (complementary), 40 
Composition, 506-507 
motion picture, 753—757 
photographic, 753 
Concave shapes, 71 
Confusion, circle of, 130—132, 143 
permissible, 132 
Contact print dodging, 362 
Contact printing procedures, 352- 
364 
exposing and processing print. 
358-361 
group print development, 361 
local printing control, 362-363 
masking chart, 353 
masking the negative, 352-353 
paper selection, 355 
paper stop, 353-354 
printing precautions, 363-364 
test exposure, 355-358 
Continuity, motion picture, 748- 
753 
mechanics of, 751-753 
Contrast, 197-199 
inherent, 319-323 
low, 198 
Controls, exposure, 414 
diaphragm, 415-418 
shutter, 418-420 
Convex shapes, 69-70 
Copy camera, 636-638 
Copying: 
photographic reproduction, 632- 
635 
equipment: 
filters, 635 
lighting, 634-635 
terminology, 633 
problems in: 
faded prints, 660 
old photographs, 659-660 
soiled prints, 659 
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Copying—Continued 
stained or spotted prints, 660 
thin paper, 659 
typing on both 
original, 659 
special applications in: 
copying on rollfilm, 668-671 
copying without camera, 
667-678 
‘reflex copying, 667 
halftone screen negatives, 
662-665 
infrared, 661 
microphotography, 665-667 
ultraviolet, 662 
Copy negative processing, 655— 
656 
Copy original, lighting of 
arrangement of lights, 639 
even illumination, 640-641 
reflected and transmitted light- 
ing, 640 
reflection control, 641-643 
light source, 641-642 
over entire surface, 642—643 


Copyright regulations, 660-661 
Correct exposure, 456—461 
latitude, 458-459 
normal exposure, 458 
summation, 459-461 


sides of 


Corrections: 
motion picture parallax, 732- 
733 | 
camera Pacemaker Graphic: 
double extension bellows, 
503-506 


drop bed, 500-503 
lateral shift, 496-498 
rising front, 493-496 
tilting lens board, 498-500 
Coverage, motion picture, 746- 
759 


Crystals, 215, 217 
deliquescent, 216 
water of crystallization, 215 


Cut film magazine, 476-478 
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Damage assessment photographs, 
615 
Darkrooms, 347-349 
color of, 348 
enlarging, 372 
location, 347 
ventilation of, 348 
Data Sheet, Photographer’s, 
NavAer 1086, 807 
Density, negative, 406—408 
Depth of field, 146-151 
Designator, photographic, 
813 
Determining exposure, 650-655 
Developer, 248 
basic, 249-256 
Development: 
developer, 248 
theory of, 248 
Development of negatives, tank, 
288-297 
film pack, 293-296 
rolifilm, 296-297 
sheet film, 290-293 
Development, tray, 281, 287 
film pack, 285-286 
rolifilm, 286—287 
sheet film, 282-285 
time and temperature, 282 
Diaphragm, 133-134 
iris, 133-134 
Diffraction: 
definition of, 54-55 
proof of, 54-55 
Diffraction, principle of, 65 
Diffused and specular light, 50 
Dispersion, defined, 52 
Disposal of prints, 391 
Distance, hyperfocal, 145-146 
Dodging: 
contact print, 362 
projection print, 376-378 
burning-in, 377-378 
Drive, Geneva, 715 
Dryers, mechanical: 
glossy print, 387-389 
matte print, 386-387 
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Drying negatives, 268-271 
methods, 269 
precautions, 269-271 
wetting agent, 268 

Drying prints, 384-389 

Drying racks, print, 384-385 


Eastman 4 x 5 Graphic View 
Camera, 591-610 
Eastman Magazine Cine-Kodak 
Camera, 725-735 
Eastman Speed Graphic, 466-542 
Effect, photoelectric, 33-34 
Einstein, Albert 34 
Eliminator, Kodak HE-1 Hypo, 
267 
Emulsions: 
addition of ammonia to, 179 
addition of color sensitizing 
dyes to, 179 
addition of potassium iodide to, 
179 
color sensitivity of, 190 
definition of, 178 
exposure index of, 202-204 
ASA, 203 
gelatin, 180 
melting of, 180-181 
latent image in, 190 
light sensitivity, 191-192 
colorblind, 191 
optical sensitization, 191 
spectral sensitivity, 192 
making light sensitive to, 178 
negative materials, 177 
positive materials, 177 
developing-out paper (D. O. 
P.), 314-315 
print-out paper, 315 
sensitivity of, 316-319 
silver bromide, 316 
silver chloride, 316 
silver chlorobromide, 316 
silver iodide, 316 
print, 8 
speed, 190-191, 202-206 
daylight, 204 


Emulsions—Continued 


speed—continued 
film group numbers, 204-205 
numbers, 205-206 
spectral group numbers, 205 
spectral sensitivity index, 
205-206 


Enlargers: 
adjustments, 373 
autofocus, 371 
cold light, 365 
condenser, 366—367 
diffuse-condenser, 368—370 
diffusion, 367-368 
easel, 370 
image scale, 371-372 
lens, 370 
light source, 365 
negative carrier, 370 
Simmons Omega D-II, 369 
Equipment: 
aerial film processing: 
developing kits, 791-794 
film dryers, 794-795 
machine processing, 794 
basic aerial printing: 
contact printers, 796-797 
projection printers, 798 
darkroom, 349-350 
safelights, 349-350 
trays, 350-351 
lighting: 
characteristics, 45 
No. 1 photoflood, 45 
No. 2 photoflood, 45 
No. 4 photoflood, 46 
R2 reflector photospot, 46 
spotlights, 46 
Exposure: 
controls, 418-420 
correct, 456—461 
defined, 394 
determining of: 
bellows extension, 652 
diaphragm setting, 652 
developing, 652 
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Exposure—Continued 
determining of—continued 
film sensitivity and speed, 
651-652 
filter factor, 651 
light intensity, 650-651, 654— 
655 
methods of: 
basic, 426-429 
use of exposure meter, 429— 
431 
subject-image ratio, 653-654 
trial exposure, 654 
factors governing, 397-414 
for motion pictures, 737—742 
illustrative photography, 625, 
627 
principle of, 737-746 
theory of, 394-397 
threshold of, 394 


Exposure latitude, 199 
Exposure meter, 429-431 
photoelectric, 433-441 


Eye compared to camera, 57-58, 
60 


Factors, exposure: 


cloudy bright, 400 
cloudy dark, 401 
cloudy dull, 400-401 
color and intensity, 399 
color of illumination, 398-399 
direction of illumination, 401 
back lighting, 401-402 
flat lighting, 401 
side lighting, 401 
effective aperture, 397 
filter, 566-567 
hazy sunlight, 399-400 
light conditions, 397-398 
motion picture, 738 
Fahrenheit, 228 
Ferrotyping, print, 385-386 
Field: 
angle of, 96 
depth of, 146-151 
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Files: 
laboratory: 
correspondence, 808 
directives and _ instructions, 
811 
Equipment and supplies, 808 
personnel, 809 
negative: 
general, 813 
local, 814 
secret, 813-814 
print: 
still photographs, 814 
Film: 
American Standard Assoc. 
(ASA), 409 
characteristics, 188 
for copying, 643-648 
types and_ characteristics, 
643-645 
orthochromatic, 644-645 
panchromatic, 645 
selecting proper film, 645-648 
colored line originals, 646 
combination line and con- 


tinuous-tone _ originals, 
647 

continuous-tone originals, 
646 

copying colored originals, 
647-648 


line originals, 646 
for illustrative photograph, 626 
motion picture, 735-737 
reversal, 736-737 
sheet, identification, 188 
spectral sensitivity, 410 
speed ratings, 408-410 
Film base, 182-186, 735 
Film drive mechanism, 710 
Film pack adapters, 482—485 
Filters: 
application of 
controlling factors, 569-574 
copying, 574 
correct exposure, 568-569 
emphasizing colors, 576—578 


Filters— Continued 
application of— continued 
filter factors, 566-567 
normal rendition, 574-576 
variety of factors, 567-568 
care of, 587-588 
color of light, 547-556 
common types: : 
contrast filters, 563-565 
correction filters, 562-563 
special purpose filters, 565- 
566 
for copy, 635 
contrast, 648-649 
correction, 649-650 
gelatin, 558-560 
motion picture contrast build- 
ing, 742 
neutral density, 740-741 
polarizing: 
application, 582-587 
contrast control, 583 
exposure, 587 
glare reduction, 585-586 
light intensity control, 586— 
587 
sky darkening, 583-585 
polarized light, 580-582 
types and construction, 578- 


580 
pola-screen, 741-742 
theory of: 
classification of types, 561- 
562 


common types, 562-566 

construction, 557 
colored glass, 559 
gelatin between glass, 558- 

560 
definition, 556-557 
function, 560-561 
use: 

illustrative photography,626-— 
627 

motion picture cameras, 740— 
743 


Finishing: 
opaquing, 658 
projection print, 380 
washing, 380-384 
spotting, 656-658 
technique, 657 
Fixing bath, 258-263 
Flash: 
open, 531-533 
multiple, 534 
single, 534 
synchronized, 533-534 
synchronizer, 517-520 
adjustments, 539 
synchro-sunlight, 535-537 
Flashguns: 
Graflex, 522-524 
Graflite, 524-526 
Flicker, 711 
Focal distance: 
image, 152-155 
object, 152-155 
Focal length, 93 
effect on image brightness, 136- 
138 
how to determine, 156-158 
Focal plane, principal, 78, 84, 85, 
129 
Foci, conjugate, 151-155 
Focus: 
depth of, 151 
infinity, 129 
point of principal, 129 
Focusing: 
defined, 129 
for one object, 130 
for several objects, 132-133 
ground class, Pacemaker 
Graphic, 489-490 
scales, Pacemaker 
486-487 
screen, 129 
Fogging, reversal film, 736 
Forces: 
electric, 32 
magnetic, 32 
Form, job order, 803-804 


Graphic, 
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Formation, image, 72 
convergent lenses, 81, 110 
divergent lenses, 90, 110 

Forms, chemical, 216 
desiccated, 216 
monohydrated, 216 

Formula, bellows extension, 601 

Frame, 710 
printing, 338 

Frames per second, 710 


Geneva drive, 715 
Graflex Identification Unit, 679- 
684 
film, 682-683 
lighting equipment, 681-682 
operation, 683-684 
photorecord camera, 680-681 
Graininess, 199-200 
Graphic, Speed, 466-542 
Graphic View, 4 x 5: 
description, 593-595 
exposure control, 600-601 
focusing, 601-604 
lenses and shutters, 602-607 
operation, 595-600 
preventive maintenance, 607- 
610 


Hanger, sheet film, 290-293 
Holder, Grafmatic, 478-482 
Holder, cut film, 475-476 
How light travels, 37 
Huygens, Christian, 33 
Hydrometer, 227 
Hyperfocal distance, 145-146 
Hyperfocal point, 145 


fllumination, 
raphy: 
fill-in light, 689-690 
modeling light, 686-689 
Image: 
pinhole, 77 
multiple, 79 
plane mirror, 74 
positions, 92 
vertical, 76, 89 


personnel photog- 
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Image-object relationship, 161-170 
Incidence, angle of, 50 
Infinity, 84 
rays, 83 
Iris diaphragm, 133-134 


Laboratory procedures: 
captioning: 
aerial film, 822 
motion picture film, 822 
negatives and prints, 821-822 
radarscope photography, 822 
Lamps: 
fluorescent, 44 
incandescent, 43 
photoflood, 43 
photoflash, 438-44, 511-517 
stroboscopic, 44-45 
Latitude, 199 
Law of refraction, 68 
Leading lines, 754 
Lens: 
effective aperture of: 
effective f/value, 411-412 
supplementary lenses, 412 
surface reflections, 412-414 
theoretical f/value, 411 
field of, 96 
resolving power of, defined, 156 
Lenses: 
aberrations of, 99 
achromatic, 117 
anastigmat, 119 
apochromat, 120 
characteristics of, 93 
cleaning, 171-172 
coated, 142 
compound: 
formation of, 111 
defects of, 99 
depth of field of, 146 
design of, 112 
enlarger, 370 
field of, 96 
Fresnel, 46 
f/value of, 134-138 
handling and storage, 170-171 


Lenses—Continued 
illumination of, 97 
mounting of, 114 
narrow angle, 122 
negative, 70, 110 
normal angle, 122 
opening up, 134 | 
placement of elements of, 116 
positive, 67, 110 
practical care, 170 
process, 120 
quality of, 111 
rapid rectilinear, 118 
simple, 65 
speed of, 113, 134 
stopping down, 134 
telephoto, 123 
theory of, 64 
uncoated, 142 
wide angle, 121 

Lens speed, 113 

Light absorption, defined, 51 

Light: 
artificial, 42 

sources, 42-45 
colored: 
dispersion, 548-553 
complementary colors, 551- 


553 
formation of secondary 
colors, 550 
photographer’s color wheel, 
-§50-551 


primary colors, 549-550 
from colored light, 59-60 
from white light, 59 
makes photography possible, 

60 

effect on substances, 1-2 
light rays, 37 
nature of, 32 
painting with, 617 
radiation of, 37 
speed of, 41 
theory of, 
vibration, 32 
wave, 33 


Light beams, 37 

Lighting for illustrative photog- 
raphy, 619-623 

Light meter, using the, 451-454 
preventive maintenance, 454- 

456 

Lights (lamps), fluorescent, 47 
electronic flash unit, 47-48 
photoflash lamps, 47 


Light values, measuring, methods 
of, 441-451 

average brightness, 443 
brightest object, 449 
brightness range, 443 
substitution, 450 

Light waves, compared with sound 
waves, 35-36 


Log, job order, 805 

Logs, negative, 805 
general, 806 
local, 806 
motion picture, 806-807 
secret, 806 


Long shot, motion picture, 747 


Machine, photocopy, 671-673 
preventive maintenance, 673 


Magazine, cut film, 476-478 

Maintenance, preventive, 454-456 

Manual of Naval Photography, 
OPNavlInst. 3150.6A, 803, 809- 
810, 815, 822 

Manual of Qualifications for Ad- 
vancement in Rating, NavPers 
18068, 20 


Matching action, 749 
duplicating, 736 
negative: 
functions of, 176 
light sensitive, 176-188 
base, 177 
emulsion, 177 
halogen elements, 177 
latent change, 177 


original, 736 
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Materials, film: 
positive: 
definition, 309 
dimensional] stability, 311 
paper bases, 312-314 
document paper, 314 
double weight paper (DW), 
312-313 
single weight paper (SW), 
313 
water resistant paper, 313-— 
314 
permanence, 311 | 
positive bases, 309-314 
cellulose derivatives, 310 
glass, 310 
paper, 310 
surfaces: 
color or tint, 324 
image tone, 323-324 
surface sheen, 324 
texture, 324 
release print, 736 


Measures and weights, 223-226 

Measuring light values, 441-451 

Measuring temperature, 228 

Medium shot, motion picture, 747 

Meter, photoelectric exposure, 
738-739 

Mirror, spherical, 46 

Mixer, M4E-1 power chemical, 
237 


Mixing, chemical: 214 


-erystallization, 215 
dissolving chemicals, 235 
general rules, 229 
hydrometer, 227 
power mixer, 236 
purity, 218 
safety precautions, 242 
solutions, 221, 234 
solution replenishment, 241 
stability, 215 
water purification, 219 
weighing chemicals, 234 
weights and measures, 223 


451961 O—58——_56 
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Motion pictures: 
autoload cameras, 717-735 
basic camera, 709-711 
closeups, 747 
composition, 753-757 
common mistakes, 757-759 
continuity, 748-753 
coverage, 746—759 
determining exposure, 738-743 
exposure factors, 738 
films, 735-737 
gunnery, 705-706 
hints for good movies, 759 
history, 707-709 
importance of, 704 
news, 704-705 
principle of exposure, 737 
principle of motion, 709 
projection principles, 711-717 
research, 705 
terminology, 706-707 
the tripod, 743-746 
training, 704 

Motion picture films: 
categories, 736 
characteristics, 735-737 
types and sizes, 735 

Mount, lens, 114 
barrel mount, 114 

Moving objects, photography of 
controlling factors, 421 
determining required 

speed, 421-424 


shutter 


Negatives, 7-8 
drying of, 268-271 
quality of, 297-303 
safety precautions when pro- 
cessing, 303-304 
washing of, 263-267 
Newton, Sir Isaac, 33, 40 
Numbers, flash photography 
guide, 529-531 


Objects: 
luminous, 36 
nonluminous, 48-49 


Objects—Continued 
opaque, 48-49 
translucent, 48-49 
transparent, 48-49 

Optical axis, 82 

Optical center, 83 

Optics, 64 

Order Blank, Publications 
Forms, NavAer 140, 807 


Orders, technical, 810-811 
Out of focus, 130 


and 


Pacemaker Graphic, 466 
features, 467—468 
film accessories, 474-484 
flashguns, 522-526 
operation, 485-510 
preventive maintenance, 538- 
542 
reflectors, 527-528, 541 
shutters, 468-474, 518-519 


Panning, motion picture, 745-746 
Papers, light sensitive, storage of, 
333 
Papers, printing: 
base surfaces, 325 
base weights, 325 
paper contrast, 326-328 
paper surface, 326-328 
printing contrast control, 328- 
330 
selecting, 325 
variable contrast papers, 330- 
333 
multigrade, 330 


Parallax correction, motion pic- 
ture, 732-733 


Persistence of vision, 708 
Personnel photography, 677 
background, 692 
camera selection, 685 
illumination, 686-691 
lens selection, 684-686 
outdoor portraits, 691 
posing the subject, 692-694 
types of film, 695-696 


Perspective, 158-161 
aerial, 160 
linear, 160 
normal, 161 
Photocopy machine, 671-673 
preventive maintenance, 673 
Photoelectric effect, 33-34 
Photoelectric exposure meter: 
acceptance angle, 438—439 
construction, 433-434 
extending light value 
434-438 . 
scene evaluation, 439-441 
Photographer, naval, 3-5 
assignment of, 22-23 
duties of, 19-21 
qualifications, 21-22 
responsibilities of, 23-24 
third class requirements, 24-25 
training of, 24, 28 
Photographer’s Data Sheet, NavAer 
1086, 807 
Photographic designators, 
813 
Photographic schools, 29-30 
Photographing meters, gages, and 
instruments, 626 
Photographic Report, 
453, 804, 815-816 
Photographs, release of, 819-821 
Photography: 
aerial: 
cameras, types of, 781-782 
film: 
bases, 781 
sizes, 780-781 
types of, 778-780 
history, 764-766 
first photographs, 764-765 
present day methods, 769- 
766 
oblique photographs, 766-77) 


scale, 


812- 


Nav Aer 


vertical photographs, 77!- 
778 
problems encountered, 
776-778 


types of missions, 776 
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Photography—Continued 
aerials—continued 
vertical aerial coverage, 783 
image-object relationship, 
783-785 
basic laws of, 2 
defined, 1 
determining exposure, 528-531 
flashguns, 522-526 
group, 696—700 
history of, 12-19 
illustrative: 
cameras for, 616 
definition, 612-613 
exposure and development, 
625-627 
illumination, 616-619 
illumination technique, 619— 
624 
mirror layout, 623-625 
print quality, 627-628 
summary, 628 
uses, 614-615 
mirror, 623-625 
naval, 4-5, 12 
photoflash lamps, 511-517 
power supply, 521-522 
precautions, 537-538 
principle of, 1 
reflectors, 526-528, 541 
synchronizers, 517-521, 539 
types of, 531-538 
Photo-Lab-Index, NavAer 10—1- 
510, 810 
Photons, 34 
Picturemaking, fundamentals of, 
6 
Pinholes,; multiple, 79 
Planck, Max, 33-34 
Planes, principal, 81 
Point, hyperfocal, 145 
Point of principle focus, 83 
Polarization: 
explanation of, 55-56 
polarized light, 56 
polarizing filters, 56 
plane-polarized, 57 
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Power, resolving, 200-202 
Precautions, safety, 206—211 
film handling, 207-208 
NavAer 10-1R-108, 206 
nitrate film, 207 
storage stock turnover, 210—211 
Preparing negative emulsions, 
summary, 181-182 
Preservative, 249, 253 
sodium sulfite, 253 
Press Camera, 465-542 
Preventive maintenance, 454—456 
Primary colors, 40 
Principal focus, point of, 83 
Principal planes, 81 
Print captioning, 389-390 
Print dryers: 
mechanical glossy, 387-389 
mechanical matte, 386—387 
Print files, still photographs, 814 
Print quality, 627-628 
for illustrative photography, 
627-628 
Print sorting, 389-390 
Printers: 
contact, 796—797 
need for, 338 
mechanical contact, 339-342 
argon lamps, 339 
masking device, 340 
platens, 339 
projection, 798-799 
semiautomatic contact: 
description of, 342 
Kodak Master Power Printer, 
342 
control panel, 343-344 
operation of, 344-346 
preventive maintenance, 
346-347 
light box, 342 
masking assembly, 342-343 
platen assembly, 343 
Printing: 
application of term, 337 
borders, 659 
contact, 337-338 


Printing—Continued 
frames, 338 
methods of, 337 
paper selection, 658 

Printing equipment, basic aerial, 
795-798 

Prints: 
drying of, 384-389 
filing of: 

cross-index, 815 

system of, 815 
making of, 8-9 
projection: 

large, 378 

small, 379 

Prism, 65 
deviation, 66 
refraction, 67 


Problems in copying, 659-660 


Procedures: 
contact printing, 352-364 
laboratory, 821-822 


Processing copy negatives: 
types of developers, 655-656 


Processing equipment, aerial film, 
791-795 

Processing negatives, 248-304 
agitation, 273-274 
choice of developers, 274-275 
common processing steps, 279— 

280 
effects of exposure and develop- 
ment variations, 300-303 

degree of development, 273 
developers, 249-256 
drying, 268-271 
fixing bath, 258-263 
negative quality, 297-303 
processing methods, 280 
rinse and stop baths, 256-258 
safelights, 271-273 
safety precautions, 303 
tank development, 288-297 
tray development, 281-287 
washing, 263-267 
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Projection printing, 364-379 
projection printers, 365-372 
projection printing procedure, 

372-379 
adjustments, 373-375 
chemicals, 372 
dodging, 376-378 


drying, 384 

ferrotyping, 385-386 

mechanical glossy print 
dryers, 387-389 

mechanical matte dryers, 
386-387 


prerequisites, 373 
processing, 379 
print drying racks, 384-385 
sorting and captioning, 389- 
390 
straight print, 376 
test exposure, 375-376 
Projectors, 712—713 
lenses, 713-714 
light sources, 713 
operation, 715-717 
shutters, 714-715 
Publications: 
Manual of Naval Photography, 
OpNav Inst. 3150.6A, 809 
810 
Photo-Lab-Indez, 
1-510, 810 
Technical Bulletins, 811 
Technical Orders, 810-811 
Publications and Forms Order 
Blank, Nav Aer 140, 807 
Pull-down claws, 710 
Purification, water, 219-221 
Purity, chemical, 218 


NavAer 10- 


Quality, negative, 297-303 
contrast, 299 
density, 298-299 
highlights, 299 
shadows, 299 
tonal gradation, 299-300 
Quantum theory, 34 


Racks, print drying, 384-385 
Radiation: 
discontinuous, 33 
electromagnetic, 32 
Rangefinder, Pacemaker Graphic, 
487-489, 540 
Rays: 
infinity, 83 
light, 37 
Reconnaissance, aerial, introduc- 
tion to: 
aircraft employed, 789 
camera installations, 789-791 
fan-type installation, 790 
mounting methods, oblique, 
789-790 
mounting methods, vertical, 
790 | 
multiple installation, 790-791 
split-vertical installation, 790 
day reconnaissance, 786—787 
dicing runs, 787 
multiple vertical strip, 786 
oblique photography, 786— 
787 
trimetrogon coverage, 787 
night reconnaissance, 787-789 
camouflaged installations, 787 
evening movements, 787 
strike assessment, 787-788 
Reducing agents, 248, 249-253 
diamine, 252 
glycin, 252 
hydroquinone, 250 
metol, pictol, etc., 251 
pyro, 252 
Reflectance, subject, 403-408 
Reflection, 553-556 
angle of, 50 
incident light, 49 
reflected light, 49 
Reflection and absorption: 
object surface, 554-556 
primary rays, 553-554 
Refraction: 
definition, 52 
laws of, 53, 68 


Regulations, copyright, 660-661 
definition, 660 
photocopying regulations, 660- 
661 
Relationship, image-object, 161- 
170 
Release of photographs, 819-821 
Replenishment of solutions, 241 
Report, Photographic, NavAer 
453, 804, 815-816 
Reports required: 
Photographic Report, NavAer 
453, 804, 815-816 
Unsatisfactory Material 
ports, 816-817 
Reports, unsatisfactory, 614 
Resolving power, 200-202 
Restrainer, 255-256 
potassium bromide, 256 
Rinse and stop baths, 256-258 
acid rinse, 257 
hardening stop, 258 
water rinse, 257 


Re- 


Safelights, negative processing, 
271-273 
efficiency, 303 
Safety: 
storage of unexposed films, 208— 
210 


temperature, 209 
domestic packaging, 209 
exposure to vapors, 210 
export packaging, 209 
refrigeration, 209 
relative humidity, 209 
Safety precautions in chemical 
mixing, 243 
chemical mixing: 
acids and caustics, 242 
allergies, 243 
poisons, 243 
solvents, 243 
storing chemicals, 244 
negative processing, 303-304 
Scales, focusing, Pacemaker 
Graphic, 486-487 
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Scene, motion picture, 746 
Schools, photographic, 29-30 
Screen, focusing, 129 
Secondary colors, 40 
Security and classification: 
hanaling 
818-819 
storage of classified material, 
819 
types of classification, 818 


classified material, 


Sensitivity: 

color, 192 

infrared, 196-197 

monochromatic, 194 
commercial, 194 
process, 194 

orthochromatic, 194-195 

panchromatic, 195-196 

ultraviolet sensitivity, 197 


Sequence, motion picture, 747 
SESR program, 22 
Shapes, lens: 
negative: 
convexo-concave, 71 
double concave, 71 
plano-concave, 71 
postive: 
concavo-convex, 70 
double convex, 70 
plano-convex, 70 


Sheet film identification, 188 
Sheet film hanger, 290-293 
Shot, motion picture, 747 
Shutters, 468-474 


focal plane, 471-473, 518-519 | 
graphex, 468-470, 518, 606-607 
supermatic, 470, 518, 604-605 


Simmons Omega Enlarger D-II, 
369 


Solutions: 
chemical: 
replenishment, 241 
percentage, 222, 234 
saturated, 222 
stock and working, 222, 223 


Solutions— Continued 
printing: 
acid hardening bath (Kodak 
F-5 and F-6), 352 
acid rinse bath (SB—1), 351 
D-72, 351 
replenishment of 241, 
Sorting of prints, 389-390 
stamping, 390 
Sound, 716 
light waves compared with, 35- 
36 
Source, enlarger light, 365 
Spectrum: 
electromagnetic, 37 
review of, 58-59 
visible, 39 
Speed Graphic for 
photography, 616 
Specular and diffused light, 50 
Spider, 744 
Stop baths and rinses, 256-258 
Stops, 133 
standard full, 141-142 
Stop system, factorial, 138-142 
Stop system, transmission (T- 
stop), calibration of, 142-145 
Subject reflectance, 403-408 
colored light, 404-405 
dark subjects, 403-404 
light subjects, 403 
negative density, 406—408 
subject color, 404—405 
Summary, preparing 
emulsion, 181-182 
Sun as source of light, 39-40 
Synchronized flash, 533-534 
multiple, 534 
single, 534 
synchro-sunlight, 535-537 
Synchronizers, flash, 517-520 
adjustments of, 539 
Systems: 
factorial stop (f/system), 138- 
142 
transmission stop (T-stop), cali- 
bration of, 142-145 


illustrative 


negative 
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Tanks: 

development of, 258-297 

No. 2 Eastman film pack, 293- 

296 

rollfilm, 296-297 
Technical Bulletins, 811 
Technica] Orders, 810-811 
Temperature, measuring of, 228 
Terminology, copying, 633 
Theory of lenses, 64 

divergent lens, 70 

negative lenses, 70 

positive lenses, 67 

simple lenses, 65 


Thermometers, use of, 233 
Transmission, light: 

definition, 51 

refraction, 52 
Tray development, 281-287 
Tripod, motion picture, 743-746 
Tripod, No. 1 Crown, 508-510 


Unsatisfactory Reports, photos 
of, 614 
Using the light meter, 451-454 
preventive maintenance, 454— 
456 


Varigram, 330 
highspeed? Bs I 
View, angle of, 96, 121 
View camera: 
8 x 10, 591 
for illustrative photography, 
616 


Viewfinders, Pacemaker Graphic, 
490-493 

Visible spectrum, review of, 58-59 

Vision, persistence of, 708 


Washing: 
in sea water, 381-382 
mechanical washers, 382-384 
negatives, 263-267 
hypo eliminator, 267 
hypo tests, 266 
rate and time, 264 
types of water, 265 
water temperature, 264 
single weight and double weight 
papers, 380-381 
tray procedure, 382 
Watch, Quarter, and Station Bill, 
822-823 
Water purification, 219 
boiling, 219, 220 
chemical precipitation, 220, 221 
distillation, 219 
filtration, 220 
Wavelength: 
angstrom, 34-35 
millimicron, 35 
Waves, lights, compared with 
sound waves, 35-36 
Weights and measures, 223 
avoirdupois, 223, 224 
conversion table, 226 
metric system, 224 
U.S. liquid (volume), 224 
Wetting agent, 268 
White hot, 46 
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